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NON-SPECIFICITY OF GLOMERULAR LESIONS OF THE KIDNEY 


By Henry A. Curistian, M.D.* 
BROOKLINE, MASS. 


THIRTY years ago, busied in a study of experimental nephritis 
in association with Drs. James P. O’Hare, Richard M. Smith and 
Chandler Walker, I noted that, whereas the most frequent and most 


marked renal lesion caused by uranium nitrate in the rabbit was a 
degenerative one of the epithelium that lined the proximal con- 
voluted tubules, there also occurred lesions in the glomeruli. These 
lesions in the glomeruli were various; they were discussed in several 
papers published about that time.!2 

Recently, in a study of the renal lesions of subacute Streptococcus 
viridans endocarditis, I have described a variety of lesions in the 
glomeruli.4| Many of these are identical with many of those observed 
by me and my associates 30 years ago in uranium nitrate nephritis 
in the rabbit and with those described subsequently by others. 

In uranium nitrate poisoning and in subacute Streptococcus 
viridans endocarditis we have effective on the glomeruli a fairly 
simple inorganic chemical in the former and in the latter a product, 
probably a complex organic substance, derived from the growth 
in the human body of a living bacterium. Each can be regarded as an 
injurious agent acting directly or indirectly on a complex, living 
structure, e. g., in these examples, the glomerulus of the kidney. 
They probably are typical of the causative factors of glomerular 
lesions in many diseased conditions in the kidney. 

* Hersey Professor of Theory and Practice of Physic, Emeritus, Harvard Univer- 


sity; Physician-in-Chief, Peter Bent Brigham Hospital, Emeritus, Boston, Mass.; 
Visiting Physician, Beth Israel Hospital, Boston, Mass. 
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If we define inflammation broadly as the reaction of living tissue 
to the presence of an injurious agent, a definition of inflammation 
not infrequently given by pathologists, then the majority of the 
lesions, which have been observed in the glomerulus of the kidney, 
can be considered to be inflammatory lesions developing in a struc- 
ture of much complexity. Following injury there are degenerative 
changes. In turn these initiate proliferative changes. In sequence 
to proliferation further degenerative changes often occur. Finally 
reparative processes may appear. 


Fic. 1.—Glomerulus from a case of glomerulonephritis, P.B.B.H., Path. No. A 27.8, 
showing proliferation of cells, mainly intracapillary endothelial cells. 


Early in such a process in the glomerulus, evidences of injury may 
be seen. Unless the injury is very severe, however, glomerular struc- 
tures react quickly to injury by diffuse or focal cellular proliferation 
of the endothelial and epithelial cells of the capillaries or of Bowman’s 
capsule of the glomerulus. Sometimes capillary endothelium, some- 
times capsular epithelium shows the greatest amount of prolifera- 
tion. Of the latter, that lining either the parietal or the visceral 
layer may show the greatest amount of proliferation. Proliferated 
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cells later may undergo degeneration or intercellular fibrils may 
appear, the latter more generally being considered to have been 


® 


‘1g. 2.—Glomerulus from rabbit after uranium nitrate intoxication, showing similar 
proliferation of cells as in Figure 1, from Christian and O’Hare.* 


formed by invading connective tissue cells. Thrombi may form 
vithin the capillary loops and subsequently organize. The base- 
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ment membrane of capillaries and of Bowman’s capsule may undergo 
hyaline transformation or thicken. In this way a large variety of 
glomerular lesions can and do result, the variety depending on 
variation in degeneration and proliferation acting in a very complex 
structure, these changes primarily having resulted from injury to 
the glomerulus. What happens depends more on the degree than 
on the kind of the injury inflicted on the glomerulus. 


Fic. 3.—Glomerulus from a case of subacute Streptococcus viridans endocarditis, 
P.B.B.H., Med. No. 44,661, showing similar proliferation of cells as in Figure 1. 


If what has just been stated is true, and I believe it is, we should 
find identical appearances in the glomeruli resulting from different 
injurious actions affecting the kidney. In other words, a high 
degree of non-specificity of glomerular lesions should be demon- 
strable. This has been recognized by many pathologists, although 
still there is a marked tendency to describe a given type of glomerular 
lesion as an index of a particular pathological process or disease and 
in that sense diagnostic. Apparently this idea is more prevalent 
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among clinicians than among pathologists. For this reason it 
seems worth while to emphasize the non-specificity of glomerular 
lesions. 

Diffuse cellular proliferation in the glomerulus occurs in patients 
with acute or subacute glomerulonephritis (Bright’s disease) with 
such frequency that we call a type of glomerulonephritis intracapil- 


Fic. 4.—Glomerulus from a case of eclampsia, showing similar proliferation of cells 
as in Figure 1, from Dexter and Weiss.® 


lary proliferative glomerulonephritis (Fig. 1). However, that same 
lesion is encountered, usually with much less frequence, in the 
kidneys of rabbits poisoned with uranium nephritis (Fig. 2). In 
man, in subacute Streptococcus viridans endocarditis, this is the 
glomerular lesion seen most frequently (Fig. 3). It is described in 
eclampsia (Fig. 4). In acute and subacute pyelonephritis” it is 
frequent in certain stages of the progression of the process (Fig. 5). 
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Focal glomerular lesions consisting of epithelial cells proliferated 
from the parietal layer of Bowman’s capsule, spoken of as epithelial 
crescents, ar: seen often in the kidneys of acute and subacute 
glomerulonephritis (Bright’s disease) (Fig. 6), giving rise to the 
term proliferative capsular epithelial glomerulonephritis. Identical 
focal epithelial proliferation I have observed also in subacute 
Streptococcus viridans endocarditis (Fig. 7), in acute and subacute 
pyelonephritis and in uranium poisoning (Fig. 8). This form of 


Fic. 5.—Glomerulus from a case of pyelonephritis, P.B.B.H., Path. No. 39,134, 
showing similar proliferation of cells as in Figure 1. 


proliferative process may be focal, or it may extend so as to surround 
the capillary tuft more or less completely and result in a thickened 
capsule (Figs. 9 and 10). Cell degeneration and connective tissue 
proliferation may ensue, some of the lesions becoming fibrous, 
sometimes with much thickening of the fibrous part of the parietal 
layer of Bowman’s capsule (Figs. 10 and 11). 

Instead of, or in addition to the lesions already described, thrombi 
may be found in the capillaries of the glomerular tuft and undergo 
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varying changes. Extensively obstructing capillaries, they can 
cause degeneration and disorganization of glomeruli. This type of 
lesion has been associated particularly with subacute bacterial 
endocarditis (Figs. 11 and 13) and regarded by many as embolic 
lesions. In my own studies of this disease, this type of lesion was 


Fic. 6.—Glomerulus from a case of glomerulonephritis, P.B.B.H., Path. No. 25-127, 
showing focal cell proliferation, epithelial crescent. 


not found to be particularly frequent, actually less frequent than 
other forms of glomerular lesion. As far as I could judge, the lesion 
usually was formed locally, although small embolic masses of bac- 
teria may have lodged in the capillary to inaugurate the injury of the 
capillary wall which in turn caused the thrombus to form, and: so 
they are thrombotic in the main rather than embolic lesions. This 
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view is supported by the frequent presence of identical lesions in the 
glomerular capillaries of experimental uranium nephritis (Fig. 12), 
particularly when the uranium has been injected into a peripheral 
or renal vein. Such glomerular thrombi have been noted also in 


Fic. 7.—Glomerulus from a case of subacute Streptococcus viridans endocarditis, 
P.B.B.H., Med. No. 26,400, showing similar focal cell proliferation as in Figure 6. 


eclampsia (Fig.14) and in acute and subacute nephritis and pyelitis. 
All of this indicates the non-specificity of glomerular lesions. 

An intracapillary fibrous glomerular lesion has been described 
in a clinical syndrome of hypertension, diabetes mellitus and renal 
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insufficiency.** Horn and Smetana’ pointed out that this is not lim- 
ited to this syndrome (Fig. 15). I have described lesions like this in 
subacute Streptococcus viridans endocarditis (Fig. 16) and seen them 
in subacute glomerulonephritis (Bright’s disease) and pyelonephritis. 


Fig. 8.—Glomerulus from rabbit after uranium nitrate intoxication, showing similar 
focal cell proliferation as in Figure 6, from Christian and O’Hare.* 


Hyaline thickening of the basement membrane of the capillary 
wall has been observed in acute glomerulonephritis, in eclampsia 
and in subacute bacterial endocarditis, sometimes with duplication 
(Figs. 17 and 18). 

As might be expected, when glomerular lesions become chronic, 
they show similar appearances, whatever the underlying condition 
may have been; glomeruli show various stages of atrophy and fibrosis 
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with their final disappearance. This explains why clinically an almost 
identical congerie of symptoms and signs are found irrespective of 


Fic. 9.—Glomerulus from a case of pyelonephritis, showing fibrous thickening of 
Bowman’s capsule, from Weiss and Parker.’ 


whether the early stages of the process has been acute, then subacute 
glomerulonephritis or pyelonephritis or a progressive arteriolo- 
nephrosclerosis. 
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Other examples of non-specificity of glomerular lesions probably 
exist. However, those that I have cited, are sufficient to prove my 
thesis of their non-specificity. 


Fic. 10.—Glomerulus from a case of subacute Streptococcus viridans endocarditis, 
P.B.B.H., Med. No. 44,767, showing fibrous thickening of Bowman’s capsule as in 
Figure 9. 
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Some 10 years ago I pointed out, under the title, ““A Glomerular 
Dominance in Bright’s Disease’’,> how completely the clinical picture 
resulted from the changes which were going on in the glomeruli. 


Fig. 11.—Glomerulus from a case of subacute Streptococcus viridans endocarditis, 
P.B.B.H., Med. No. 49,045, showing fibrinoid thrombi in capillaries. 


If signs and symptoms of renal disease depend so largely on lesions 
in the glomeruli, and if glomerular lesions are not highly specific, 
then it is not unexpected to find that many signs and symptoms are 
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12.—Glomerulus from a rabbit with uranium nitrate intoxication, showing 
fibrinoid thrombi in capillaries, from Christian and O'Hare. 


Fic. 13.—Glomerulus from a case of subacute Streptococcus viridans endocarditis, 
P.B.B.H., Med. No. 55,380, showing arteriole occluded by a fibrinoid thrombus. 
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Fic. 14.—Glomerulus from a case of eclampsia, showing arteriole occluded by a 
fibrinoid thrombus, from Dexter and Weiss.® 


Fig. 15.—Glomerulus from a case of generalized arteriolar sclerosis without asso- 
ciated diabetes or renal disease, showing intercapillary glomerulosclerosis, from 
Horn and Smetana.’ 
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Fic. 16.—Glomerulus from a case of subacute Streptococcus viridans endocarditis, 
P.B.B.H., Med. No. 49,045, showing lesion similar to one in Figure 15. 


Fic. 17.—Portion of glomerulus from case of eclampsia, showing hyaline thicken- 
ing and duplication of basement membrane of glomerular capillary, from Dexter 
and Weiss.‘ 
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repeated in various conditions with acute, subacute and chronic 
renal lesions; this is just what we observe in the clinical study of our 
patients. 


Fig. 18.—Portion of glomerulus from a case of subacute Streptococcus viridans 
endocarditis, P.B.B.H., Med. No. 55,380, showing hyaline thickening and duplica- 
tion of basement membrane of glomerular capillary as in Figure 17. 


Summary. This paper has emphasized the non-specificity of 
lesions observed in the glomerulus of the kidney and offers this non- 
specificity as an explanation of many similarities in the signs and. 
symptoms of renal diseases. 
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(From the Medical Clinic of the Peter Bent Brigham Hospital and the Department 
of Medicine, Harvard Medical School) 


RECENT advances in the knowledge of the humoral mechanism 
of hypertension have suggested a new avenue for the treatment of 
arterial hypertension. Following Goldblatt’s observations on the 
relation of renal ischemia to hypertension, animals which had this 
type of hypertension were treated with renal extracts, and a decrease 
in arterial pressure was observed.*7* Arterial hypertension in man 
also has been treated with kidney extracts and favorable results 
have been reported.*78 The question immediately arises whether 
the renal extract specifically inactivates the renin-hypertensin sys- 
tem which has been postulated to be the mechanism by which 
renal ischemia produces hypertension, or whether the fall in arterial 
pressure is the result of a generalized toxic effect of a crude tissue 
extract on the cells of the body. In an attempt to answer this ques- 
tion, kidney extracts were prepared and injected parenterally into 
patients with arterial hypertension. 


Method. Preparation of the Renal Extract. Though the kidney extract 
administered was probably identical with that prepared with the aid of 
heat by Page and his co-workers,’ to avoid confusion a short description is 
given of our method of preparing the extract used. 

Fresh hog kidneys were ground in an electric meat chopper, first through 
a coarse and then through a fine sieve. Ten kilograms of the fine material 
were added to a solution of 300 ml. of glacial acetic acid and 300 gm. of 
sodium chloride in 15 1. of water. The vessel containing this material was 
then immersed in a water bath maintained at about 65° C., and the mix- 
ture stirred mechanically. It reached a temperature of 56°C. after 20 to 
30 minutes and was kept at this temperature for 15 minutes. It was then 
filtered by gravity and yielded between 16 and 17 |. of a clear yellow filtrate 
in 2to4 hours. To each liter of filtrate 740 gm. of ammonium sulphate were 
added while stirring. The material was then left overnight at room tem- 
perature. The precipitate was collected on Buechner funnels and dissolved 
in cold water. The volume was then brought to 9000 ml. with cold water. 
The ammonium sulphate concentration was determined by nesslerization, 
and enough solid ammonium sulphate (420-470 gm. per 1.) was added to 
obtain a solution 75 to 80% saturated with ammorium sulphate. This 
mixture was again kept overnight at room temperature. The precipitate 
was removed by suction through a layer of Hyflo Filter Aid and re- 
dissolved in cold water. The volume was brought to 6000 ml. with cold 
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water. The Hyflo Filter Aid was removed by suction through Whatman 
No. 50 filter paper, and the ammonium sulphate concentration of the 
clear filtrate was determined by nesslerization. Again, enough solid 
ammonium sulphate was added to produce a solution 80% saturated. 
After standing overnight at room temperature the precipitate was col- 
lected on Buechner funnels over a layer of Hyflo Filter Aid and taken 
up in 60 to 100 ml. of cold water. The resulting thin paste was 
placed in a cellophane bag and dialyzed against distilled water at 1°C. 
In order to remove all ammonium sulphate the dialysis had to be continued 
for about 5 days, during which time the distilled water was renewed daily 
and the contents of the dialyzing bag mixed thoroughly once every day. 
The extract was then freed from the Hyflo Filter Aid by suction, and the 
filtrate was concentrated in vacuo at temperatures below 50° C. to a volume 
of 100 to 130 ml. The concentrate obtained was filtered first through a 
coarse and then through a fine Pyrex sintered glass filter. Sodium chloride 
was added (0.85 gm. per 100 ml.) and filtration through a Seitz filter was 
carried out. Sterility was controlled by aérobic and anaérobic cultures of 
each batch after the filtrate had been transferred to rubber stoppered 
vaccine bottles. 


Properties of the Extract. One ml. of the final product was ob- 
tained from 75 to 100 gm. of hog kidneys. The extract contained 
2.5 to 4.8 gm. of nitrogen per 100 ml. Only 16 to 28% of this 
nitrogen was present in the form of proteins (pseudoglobulins), 
while the rest existed in the form of proteoses, soluble in trichlor- 
acetic acid, but precipitated by ammonium sulphate and by picric 
acid. All extracts contained renin, the concentration being between 
180 and 250 rabbit units per ml., as determined by the method of 
Schales and Haynes.® The extracts had diastatic activity; 100 ml. 
produced an amount of reducing material equivalent to 0.4 to 1.1 gm. 
of glucose from an excess of starch in 30 minutes at 37° C. and 
pH 6.8. The hypertensinase content of the extract was estimated by 
incubation with angiotonin (hypertensin) solutions at pH 7.4 for 
2 hours. The destruction of angidtonin was determined by com- 
paring the effect of such a mixture (after removal of proteins) on 
the arterial blood pressure of an anesthetized cat with that of a 
blank in which water instead of extract had been incubated with 
angiotonin. The hypertensinase activity of the extracts was such 
that 1 ml. inactivated in vitro the amount of angiotonin produced by 
incubating from 1 to 3 |. of beef serum with an excess of renin under 
optimal conditions. 

In several extracts a major portion of the hypertensinase was 
destroyed by incubating for 9 hours at 37° C. and pH 3.7. While 
this treatment should, according to Fasciolo and his co-workers,? 
inactivate all hypertensinase present, experiments in our laboratory 
showed that only about 90% of the hypertensinase had been 
destroyed. It is probable that the extracts contain not only the 
hypertensinase active at pH 7.4, which Fasciolo states is inactivated 
by standing at room temperature and pH 3.6 to 3.9 for 30 minutes, 
but also a second enzyme not destroyed by this treatment. The 
presence in kidney extracts of such a “second hypertensinase” 
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with an optimum for the destruction of angiotonin at pH 4 has 
been recently described. This enzyme will not be inactivated by 
keeping the pH of its solution at pH 3.7.5 

Injection of Renal Extracts into Patients with Arterial Hypertension. 
The effect of the kidney extract was studied on 7 patients. All the 
patients were admitted to this hospital, but remained ambulatory 
throughout their hospitalization. The extract was injected intra- 
muscularly in the buttock, except on a few occasions when it was 
given intravenously. The blood pressure readings were made twice 
daily by one of the authors; and the value appearing on the charts 
is the average of these readings. ‘Temperatures were recorded at 
least 4 times daily and that recorded on the charts is the highest 
daily value. The severity of the local reactions was graded from 
1+ to 4+, depending on the amount of induration, erythema, and 
tenderness. Roentgen ray examination of the heart, electro- 
cardiograms, blood and urine studies on these subjects were obtained 
at various times throughout their hospital course. 


Case Abstracts. Case 1, a 46-year-old male, had apparently been well 
until 3 to 4 months prior to admission, when he developed progressive 
difficulty with vision, headaches, dyspnea, and weight loss. On admission 
to the hospital, physical examination revealed marked retinal changes 
with tortuous, irregular vessels, hemorrhages and exudates. The heart 
was slightly enlarged, but the lungs were clear. Blood pressure at this 
time was 250/140 mm. Hg and remained at about this level. Laboratory 
studies revealed anemia, albuminuria, hematuria, and cylindruria. The 
renal function was depressed, and the blood urea nitrogen rose as high as 
160 mg. per 100 ce. During his hospital course he developed evidence of 
cardiac failure and hypertensive encephalopathy. The diagnosis of 
rapidly progressing malignant hypertension with cardiac and renal failure 
was made. 

After several weeks in the hospital, during which time his blood pressure 
remained stable, therapy with the renal extract was begun. He received 
daily intramuscular injections of 10 cc. of the extract for a period of 2 weeks. 
There were neither local reactions, constitutional symptoms, nor any 
change in blood pressure. In addition to the intramuscular injections, the 
patient received 3 intravenous injections of kidney extract (2, 5, and 10 cc.) 
without any reaction or depressor effect. His course continued progress- 
ively downhill, seemingly uninfluenced by the injections, and he died 
March 7, 1942. Autopsy confirmed the diagnosis of malignant hypertension. 

Case 2, a 42-year-old salesman, was apparently well until 1 year before 
admission, when in a routine life insurance examination he was found to have 
an arterial pressure of 200/130 mm. Hg. Soon after this he developed dull, 
early-morning headaches and nocturia, followed later by paroxysmal 
respiratory distress, orthopnea, and edema. In November 1941 he was 
admitted to this hospital. Physical examination on entrance revealed 
marked retinal vascular sclerosis with hemorrhages and exudates, an en- 
larged heart, and slight ankle edema. His blood pressure at this time was 
220/130 mm. Hg. Laboratory studies showed a moderate anemia, albumi- 
nuria, microscopic hematuria, and cylindruria. The diagnosis of malignant 
hypertension with cardiac and renal failure was made. 

The patient received 21 injections of 10 ec. each of kidney extract intra- 
muscularly. There were only minimal local reactions, no constitutional 
symptoms, and no change in his arterial pressure. During a later hospital 
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admission he received an injection of 1 ec. of kidney extract intravenously, 
which was followed by a severe chill reaction, but was without effect on the 
arterial blood pressure. 

Cask 3, a 31-year-old single female, had been well until 6 months prior 
to admission when she began to “lose pep” and fatigue easily. Later she 
developed blurred vision, headache, and occasional nausea and vomiting. 
In December 1941, when she entered this hospital, physical examination 
revealed marked retinal changes with papilledema, vascular sclerosis, hemor- 
rhages and exudate. The heart was slightly enlarged, and the blood 
pressure was 250/160 mm. Hg. There was moderate anemia, marked 
albuminuria, and depressed renal function. The diagnosis made was rapidly 
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Cuart 1.—Data of Case 3. In this and the following charts, dosage of unmodified 
renal extracts shown by white squares; dosage of hypertensinase-poor extract by the 
black blocks. .The local reactions are graded from 1+ to 4+, depending on their 
severity. Shocklike reactions are indicated by R. 


progressing malignant hypertension. During this admission she received 
several injections of kidney extract. Although the dose never exceeded 
5 ec. per injection, there were marked local reactions with induration, 
erythema, and pain. There was a definite decrease in the blood pressure 
at this time, but because the reactions were so severe, injections were 
discontinued and she was discharged from the hospital. 

In April 1942, the patient was readmitted for further injections. The 
findings on physical examination and laboratory data were unchanged from 
the previous admission. She received 5 intramuscular injections of 10 ce. 
each (Chart 1), all of which were followed by moderately severe local re- 
actions consisting of redness, induration, heat, and tenderness at the 
injection site. Weakness, anorexia, and marked sweating developed. 
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These reactions were accompanied by a definite decline in arterial pressure. 
The patient remained in the hospital after therapy was stopped, and her 
blood pressure rose gradually almost to its former level. Injections with 
hypertensinase-poor extract were then started. This therapy produced 
severe local and systemic effects, and the arterial pressure again fell. The 
patient complained of generalized arthralgia. She experienced one severe 
shocklike reaction with a marked fall in blood pressure. Therapy was 
again stopped, and the arterial pressure once more rose gradually. 

Case 4, a 35-year-old housewife, had an episode of dysuria and bloody 
urine 13 years previous to the present admission. Six years before the pres- 
ent admission she was first found to have high blood pressure and albumi- 
nuria. During her first admission to this hospital 4 years ago, her blood 
pressure was recorded at 190/103 mm. Hg. In the intervening time she 
developed blurred vision, increasing weakness and pallor and severe retinal 
damage with papilledema, vascular sclerosis, hemorrhages, and exudate. 
The heart was enlarged, and the average blood pressure was 260/150 mm. 
Hg. There was a mild anemia, albuminuria, and moderately diminished 
renal function. The diagnosis of moderately rapidly progressing malignant 
hypertension was made. 

Following a period of observation, injections of kidney extract were 
instituted. An injection of 1 cc. of kidney extract intravenously was 
followed by a severe chill and febrile reaction (Chart 2). A moderate 
diminution of blood pressure occurred. Thereafter therapy consisted of 
daily intramuscular injections of 10 cc. of the extract. After the seventh 
injection there was a severe local reaction with fever, chilly sensations, 
sweating, and malaise. With this type of response there was a drop in her 
blood pressure (Chart 2). There was no definite change in the physical 
findings or laboratory data during the period of diminished blood pressure. 
After 18 days of treatment, the injections were stopped, and the blood 
pressure slowly rose to pre-injection levels. Intramuscular injections of 
hypertensinase-poor extract were then given. These were followed by 
even more severe local and systemic reactions. There was a striking 
decrease in the arterial pressure. The eighth injection produced a very 
severe shocklike reaction with imperceptible blood pressure. The in- 
jections were again stopped, and the blood pressure rose rapidly to its 
previous levels. 

Case 5, a 33-year-old married housewife, had had a pregnancy 9 years 
previously, which had been complicated by pyelitis, hypertension, and 
edema. Since that time she had been known to have a slightly elevated 
blood pressure. Two later pregnancies were complicated by hypertension 
and albuminuria. During the 4 years preceding admission she experienced 
increasing symptoms of breathlessness, headache, and fatigue. Her blood 
pressure on repeated visits to the out-patient clinic had averaged about 
220/120 mm. Hg. Physical examination on admission to this hospital in 
March 1942 revealed moderate retinal sclerosis, but no hemorrhage or 
exudate. The heart was slightly enlarged, and there were rales at both 
lung bases. Laboratory data revealed only a moderate albuminuria and 
many white blood cells in the urinary sediment. Renal function was good, 
and there was no nitrogen retention. A diagnosis of rather severe essential 
hypertension, possibly caused by chronic pyelonephritis, was made. 

Following a period of observation, the patient received daily an injection 
of 10 ce. of kidney extract in the muscles of the buttock (Chart 3). After 
the fifth injection severe local and systemic reactions appeared. A moderate 
fall in arterial pressure developed. After about 3 weeks the therapy was 
discontinued, and the blood pressure slowly rose to its original level. 
Therapy with hypertensinase-poor extract was then instituted and was 
followed by severe local and general reactions. There was a decrease in 
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CuHartT 2.—Data of Case 4. 
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blood pressure, just as there had been with the original extract. And 
similarly, a few days after the last injection the arterial pressure again rose 
to its previous level. 

Case 6, a 52-year-old housewife, was known to have had hypertension 
of at least 6 years duration. Eighteen years prior to admission there had 
been a pregnancy with albuminuria and edema, but no known hypertension. 
The presence of hypertension was established 6 years before, when, suffering 
from edema and dyspnea, she was admitted to the medical wards of this 
hospital. Since that time she had been followed in the out-patient clinic, 
and her blood pressure had averaged about 250/140 mm. Hg. She was 
readmitted to the hospital in January 1942 because of a recurrence of her 
symptoms, and physical examination at this time revealed a slightly orthop- 
neic woman. Her retinal vessels were tortuous with arteriovenous nicking, 


DAY 13 S$ 7 9 W 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 


BLOOD 260-4 
PRESSURE 
MM. HG 240- 


220- 


200- 


180- 


80-4 


TEMP. 


102- 
100- 
98- 


REACTION + 


++ 


++ 
+++ 
+ 


KIDNEY 
EXTRACT 10-4 
cc. 


ra 


CxHart 4.—Data of Case 6. Only unmodified renal extract was given. 


but no hemorrhage or exudate. The heart was enlarged with a slight apical 
systolic murmur. The rhythm was absolutely irregular, and the blood 
pressure was 250/140 mm. Hg. There were rales at both lung bases and 
slight peripheral edema. There was no anemia or nitrogen retention; but 
there was slight albuminuria. Roentgen examination revealed moderate 
cardiac enlargement, and an electrocardiogram showed auricular fibril- 
lation and left axis deviation. The diagnosis of long-standing, benign 
hypertension with mild cardiac failure was made. 

After several weeks in the hospital the state of her circulation improved, 
and intramuscular injections of kidney extract were instituted (Chart 4). 
Following the eighth injection there was a marked local reaction with 
induration, erythema, and pain. This was associated with weakness, mild 
fever, and sweating. There was an abrupt decline in arterial pressure at 
this time. With subsequent injections, the reactions continued with vary- 
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ing degrees of severity, but despite this her blood pressure rose to almost its 
former level. On the twentieth day of therapy she had a severe, shock- 
like reaction. Following the twenty-sixth injection there was an extremely 
severe and long-lived local reaction, and the injections were thereupon 
discontinued. Her blood pressure remained elevated throughout the 
remainder of her hospital course. There was no significant change in 
retin, heart size, electrocardiographic findings, or laboratory data, either 
at the time of maximal response or when the injections were discontinued. 

CasE ‘7, a° 53-year-old married housewife, had been known to have a 
markedly elevated blood pressure for about 15 years. On repeated visits to 
the out-patient clinic of this hospital she had been found to have a blood 
pressure averaging about 230/130 mm. Hg. Her only complaint had been 
moderate headaches, except that she had experienced occasional attacks of 
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Cuart 5.—Data of Case 7. Only unmodified renal extract was given. 


nausea, vomiting, and abdominal pain thought to be due to cholelithiasis. 
During recent years there had been mild dyspnea on exertion. She was 
admitted to the hospital in March 1942 for therapy with kidney extract. 
Physical examination at that time showed marked variation in the caliber 
of the retinal vessels with arteriovenous nicking, several small hemorrhages, 
but no exudates. The heart was enlarged and the average blood pressure 
at this time was 250/135 mm. Hg. Laboratory data showed only a mild 
anemia, and electrocardiograms revealed only left axis deviation. The 
diagnosis was “benign” hypertension of very long standing. 

Following a period of observation the patient received extract intra- 
muscularly (Chart 5). After about 1 week of therapy local reactions with 
erythema, induration, and tenderness appeared accompanied by fever, 
sweating, and malaise. Soon after this her pressure showed a definite 
decrease. The injections were continued daily, yet the blood pressure 
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slowly rose to its previous level. There was one severe, shocklike reaction 
with a precipitous fall in blood pressure. Following her twenty-third and 
twenty-fourth injections severe urticaria appeared, and no further injections 
were given. There was no change in the patient’s condition, or in the 
findings on physical examination or laboratory data except that she devel- 
oped an increased anemia while receiving the injections. 

Summary of Clinical Observations. Of the patients receiving the 
kidney extract, 4 had malignant hypertension and 3 had a more 
chronic or benign variety. The patients, of whom 5 were females and 
2 males, ranged in age from 31 to 53 years. 

In 2 patients (Cases 1 and 2), both males with malignant hyper- 
tension, the extract was given in full dosage (10 cc. per dose) intra- 
muscularly over periods of 2 and 3 weeks. The blood pressure in 
neither showed significant variation, nor was there any definite 
symptomatic change. Other than very minimal soreness and in- 
duration at the site of injection, no local or systemic reactions 
occurred. Both of these patients also received extract intravenously. 
In one, a severe chill reaction followed the injection of 1 cc. of extract 
intravenously, but there was no change in blood pressure. No 
further injections were given to this patient. The other patient 
received intravenous injections of 2, 5, and 10 cc. without any 
reaction. His arterial pressure remained unchanged. 

In the remaining 5 patients the daily intramuscular injection of 
kidney extract produced a significant decline in arterial pressure. 
The initial injections were followed by slight tenderness and pain 
at the site of injection, but there were no other symptoms until 
after the injections had been continued daily for from 2 to 10 days. 
Then a different and more severe type of reaction occurred. After 
several hours the site of injection was surrounded by an area of 
marked induration which usually involved the entire buttock and 
frequently spread over the sacral and lumbar regions. The skin 
was red and hot, and in many cases an erythematous confluent 
macular eruption occurred, which involved not only the skin 
of the injected buttock but also the skin over the sacrum and 
that of the lateral and anterior aspects of the thigh where there was 
a bandlike area of erythema parallel to and just below the inguinal 
ligament. Associated with this severe type of local reaction, there 
were various constitutional symptoms of fever, chilliness, sweating, 
anorexia, and lethargy. The maximum fever was usually reached 
about 6 hours after injection, and then declined to normal within 
12 to 24 hours. Associated with this type of response there was a 
definite decrease in the arterial blood pressure (Charts 1-5). 

As long as the injections were given, the patients continued to 
have constitutional symptoms and local reactions of varying severity. 
Weakness, sweating, and loss of appetite appeared to be out of 
proportion to the febrile reaction. At times the patients appeared 
to have fewer headaches, but in general there was no striking change 
in their symptoms. The eyegrounds showed no change. The heart 
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size and electrocardiograms were not affected. In some cases a 
moderate anemia developed, and in one case eosinophilia was 
noted. Leukocytosis did not appear. The sedimentation rate was 
elevated before therapy was started in most instances, and remained 
so throughout the period of injections. Urinalyses and kidney 
function tests showed no striking change after therapy. In one 
patient the arterial pressure rose to its former level despite con- 
tinued therapy. 

After about 3 weeks of injection therapy new manifestations 
appeared. Particularly violent local reactions occurred, with in- 
duration that persisted for weeks. In 2 patients severe urticaria 
appeared a short time after injection, and in others a mild arthralgia 
occurred. Severe shocklike reactions occurred in 4 patients on one 
occasion each. These developed almost immediately after com- 
pletion of the injections and were characterized by flushing of the 
face and a precipitous drop in arterial pressure. In these instances 
the patient complained of a feeling of warmth and of a tingling sen- 
sation in the fingers. After a short period of time extreme pallor 
developed; the pulse became rapid and feeble; and at times the 
arterial pressure was unobtainable. The patient complained of 
substernal pressure and “tightness” in the chest, but there was no 
evidence of bronchial spasm. There were some complaints of ex- 
cruciating lumbar pain. In addition confusion, nausea, vomiting, 
diarrhea, and hoarseness occurred in several instances. The more 
severe part of the reaction passed within an hour, but the patient . 
remained weak, hoarse and prostrated for the remainder of the day. 
Electrocardiograms failed to reveal evidence of myocardial infarc- 
tion. The site of injection showed less reaction on the days aie such 
severe shocklike reactions occurred. 

After varying periods of time, the injections were ee and the 
patients remained in the hospital, ambulatory as before. The weak- 
ness, sweating, and anorexia disappeared. The blood pressure in all 
cases gradually rose, within 2 weeks, to the pre-injection level. 

A hypertensinase-poor renal extract was then prepared and in 3 
patients therapy was resumed. These injections resulted im- 
mediately in marked local reactions, accompanied as before by 
constitutional symptoms, and by the sixth day all 3 patients had a 
definite decline in the arterial blood pressure. The local and sys- 
temic reactions were similar to those produced by the original 
extract. After a definite fall in blood pressure was obtained the 
injections were stopped, and with cessation of therapy the blood 
pressure tended to return to the initial levels. 

Comment. The results obtained with the unmodified kidney 
extracts were similar to those reported by Page and his colleagues.* 
The material was prepared by comparable methods and it was given 
in equivalent dosage. The severe shocklike reactions were like those 
reported by Page. Grollman, Williams and Harrison* have reported 
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also that renal extracts cause a lowering of the arterial pressure in 
both human and experimental hypertension. These authors have 
administered crude renal extracts by both oral and parenteral 
routes. In their recent work they have used the dialyzable portion 
of the crude extract.‘ 

It is well known that the arterial pressure in hypertensive patients 
may be lowered by febrile diseases. Stead and Kunkel’ reported 
striking decreases in arterial pressure in 2 hypertensive subjects 
treated with malaria. Chasis, Goldring and Smith! have observed 
that various pyrogenic agents, such as pyrogenic inulin, triple typhoid 
vaccine and tyrosinase, Cause a fall in arterial pressure in hyper- 
_ tensive subjects. The fall in arterial pressure induced by these 
methods occurred also when the febrile reaction was prevented 
by the use of amidopyrine. The above authors state that injec- 
tion of tyrosinase did not produce a fall in blood pressure until local 
reactions with fever occurred. The local reactions with constitu- 
tional symptoms which follow the repeated injection of tyrosinase 
were similar to those produced in our patients by the injection of 
renal extract. 

In 5 of the 7 cases of arterial hypertension, the renal extract 
caused a definite decrease in arterial pressure. It is significant that 
no decrease occurred in the 2 patients who had no local reactions 
or constitutional symptoms. In the other 5 patients, the extract 
produced severe local reactions which were accompanied by con- 
stitutional symptoms. From the time that the arterial pressure 
began to fall the patients were obviously sick. Although the pros- 
tration that occurred in these patients was similar to that seen in 
patients recovering from a chill produced by the intravenous in- 
jection of typhoid vaccine, severe chill and high fever never occurred 
after the intramuscular injection of the kidney extract. A moderate 
rise in temperature usually developed at the time of the original 
fall in arterial pressure, but the weakness, sweating, and anorexia 
were much more pronounced than that usually seen with this degree 
of febrile reaction. Though there appeared to be a definite relation- 
ship between the fall in arterial pressure and the occurrence of 
severe local reactions and constitutional symptoms, there was no 
definite correlation between a sustained fall in arterial pressure and 
the severe shocklike reactions. : 

Daily observation of these patients led us to believe that the fall 
in arterial pressure was produced by a non-specific toxic effect of the 
renal extract on the body. It was impossible to distinguish between 
symptoms produced by the direct pharmacologic action of the tissue 
extract and those produced by the sensitization of the body to the 
extract. Certain of the signs and symptoms were undoubtedly 
allergic in origin, and the fact that the fall in arterial pressure did 
not usually occur until after several injections had been given 
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suggests that sensitization of the body to the extract may have 
played an important part in lowering the arterial pressure. 

Two experiments were devised to determine whether the hyper- 
tensinase present in the extract was responsible for the fall in arterial 
pressure. First, the intravenous injection of the extract was 
attempted. In all but one instance sufficient quantities of the extract 
could not be given intravenously because of the chill reaction. One 
patient, however, received 10 cc. of the extract intravenously with- 
out a febrile reaction and without any change in blood pressure. 
This was taken as presumptive evidence that the hypertensinase in 
the daily dose of the extract was not capable of lowering the arterial 
pressure. The second approach was an attempt to destroy the 
hypertensinase in the extract, and then determine whether the 
extract still lowered the arterial pressure. The extract in which 
most of the hypertensinase had been destroyed was found to be as 
effective in lowering the arterial pressure as the original extract had 
been. These experiments served to confirm our belief that the 
decrease in arterial pressure was produced by a non-specific effect 
of the extract on the body rather than by specific interference with 
a renin-hypertensin reaction system. 

Summary and Conclusions. 1. A kidney extract, similar to that 
of Page et al., was prepared. The diastatic activity and the nitrogen 
distribution of the extract were determined chemically. The 
renin and hypertensinase activity were determined by biologic 
assay. 

2. Seven patients with arterial hypertension were given daily 
intramuscular injections of the extract. In 5 of these patients there 
was a significant lowering of the arterial pressure, which appeared 
to be related to the fever, sweating, weakness, anorexia, and severe 
local reactions which were produced by the injections. 

3. The arterial pressure was not lowered in 2 patients in whom 
injection of the extract produced neither local reactions nor con- 
stitutional symptoms. 

4. Hypertensinase-poor extracts were prepared to determine 
whether the fall in arterial pressure was produced by the specific 
action of the hypertensinase on a renin-hypertensin system. In- 
jection of these hypertensinase-poor extracts produced a fall in 
arterial pressure similar to that produced by the unmodified extract. 

5. It is concluded that the decrease in arterial pressure was pro- 
duced by a non-specific effect of the renal extracts on the body 
rather than by specific interference with a renin-hypertensin system. 
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In a recently published review! of 444 cases of gastric carcinoma, 
we called attention to the age incidence and sex discrepancy in this 
condition, and suggested an endocrine basis. The new field of 
inquiry opened to gastro-enterologists by the recently isolated and 
synthesized sex hormones also was pointed out. 

In an effort to correlate the marked changes in the content and 
character of the sex hormones which take place during that period 
when gastric carcinoma is most prevalent with the effects of age and 
sex on the physiology and pathology of the gastric mucosa, we 
reviewed those cases of benign gastroduodenal lesions which we 
had available. In the past 15 years, 1184 cases of peptic ulcer 
have been studied and followed in the Gastro-enterological Clinic of 
our division. Of these, approximately 10% (112 cases) have been 
surgically treated and the remainder carried under medical care. 
Reviewing age incidence and sex distribution of these cases, it was 
found that approximately 88% (1050) were males and only 12% 
(134) females. The incidence of duodenal ulcer was 89%; of gastric 
ulcer 11%. The average age was 35. 

In view of the apparent sex-linked character of this disease, we 
decided to reéxamine the known effects of hormones on the gastric 


and ¢luodenal mucosa and to add to this the clinical and experi- 
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mental data we have gathered to date.* Although we have had 
a large experience with various hormones in the treatment of gastro- 
enterologic conditions, we have only presented those in which the 
follow-up has been of sufficient time (1 to 5 years) to make the 
observations of value. 

For several years medical literature has contained clinical and 
experimental reports on the effects of the isolated hormones and 
vitamins on the stomach and duodenum. In our attempt to collect 
and summarize the knowledge of hormonal effects on the gastro- 
duodenal mucosa, we realize that there are many omissions due to 
the limitations inherent in an article restricted in size and scope. 

Chemical synthesis and physiologic studies are rapidly disclosing 
the close relationship between vitamins and hormones. Several 
effects of vitamins A, B complex, C and D on the gastric mucosa 
and gastric musculature have been determined. 

Vitamin A exerts a control on epithelial growths and prolifera- 
tion,?7 has been shown to affect the type of cell formation, and to 
cause extraordinary tissue proliferation in the gastric mucosa of 
experimental animals.'® Vitamin B complex deficiency causes 
marked delay in the emptying time of the stomach” and a lowering 
of gastric acidity.” 

Mucosal changes due to lack of vitamin C disturb gastric func- 
tion®® by what is thought to be an action on the blood supply of 
the mucosa. In traumatic injuries, which are probably frequent 
in the stomach, vitamin C deficiency causes a failure of the proliferat- 
ing mesodermal cells to mature and collagen formation is impaired.*! 

Cod-liver oil depresses gastric mucosal activity and slows the 
motility of the stomach. This inhibition of secretion and motility 
is not completely a local but a humoral effect and is probably due 
to the release of enterogastrone.*® 

Endocrines are dependent on the conversion of vitamins for their 
synthesis and metabolism.’ It is probable that at least part of the 
influence on cellular tissue growth and glandular secretions attrib- 
uted to vitamins is indirect, and due to hormone anabolism, metab- 
olism and consequent activity. 

Gastric hypersecretion in hyperthyroidism has been noted by 
several authors."! 

Various effects of thyroid administration on gastric secretion 
have been described by Katz,“ Badylkes,!° Hardt,?? and 
Truesdell. A recent careful and authoritative study shows that 
in hyperthyroidism there is an increased percentage of achlorhydria, 
increased prominence of gastric ruge, an earlier start to gastric 
emptying time, and a delay in complete emptying time." 

Removal of the parathyroids depresses gastric secretion® and 


* Further studies were intended but we are publishing our findings to date, as 


one of us (R. H. A.) has been called to active duty in the Medical Corps of the U. 8. 
Naval Reserve. 


HORMONE EFFECTS ON MALE GASTRODUODENAL MUCOSA 811 


overdosage of parathormone abolishes gastric secretion due to ex- 
tensive hemorrhage into the gastric mucosa.’ The relationship of 
the parathyroid to the gastric secretion has been established and 
summarized by Babkin and his associates. They report that 
repeated administration of parathormone affects first the nervous 
phase and then the chemical phase of gastric secretion; the volume, 
acidity and peptic activity all diminish proportionately to the degree 
of hypercalcemia. 

Although the results show some variation, insulin increases the 
free acidity and depresses gastric motility. Over 80% of severe 
diabetics have hypochlorhydria." 

The means by which the mucosa of the pyloric end of the stomach 
affects the production of secretions from the cardia and fundus 
have not as yet been completely established, but there is sound 
experimental evidence to show that the hormone “ gastrin’’*-5.48 js 
produced and thrown into the blood stream by the pyloric mucosa, 
which instigates this process. Despite lack of confirmation by 
Finsterer®® and Wangensteen,®’ the work of several investigators 
leaves little doubt concerning an endocrine action. Because of the 
similar action of histamine upon the gastric mucosa, several authors 
believed this hormone to be histamine; however, recent work on 
isolated and denervated gastric pouches with histamine-free extracts 
demonstrates the true hormonal character of the internal secretion 
of the gastric mucosa.*:!2:4.3 The means by which the liberation 
of secretin, cholycystokinen and enterogastrone, all internal secre- 
tions of the duodenum, are accomplished are still not completely 
clear; probably it is partly due to the arrival of acid contents of the 
stomach, and sometimes influenced by hormonal control.'7 Hor- 
mones from the intestine, secretin,” cholycystokinen,“ and entero- 
gastrone*! also affect the gastric mucosa. It has been shown that 
the internal secretion of enterogastrone, which depresses gastric 
secretion,”° activates and stimulates the duodenal mucosa. A sub- 
stance recovered from urine, urogastrone, probably excreted entero- 
gastrone, suppresses gastric secretions.* 

Adrenalectomy depresses gastric secretion. In Addison’s disease 
the gastric secretion shows either hypo-acidity or an achylia.®® 

Pituitrin depresses gastric secretion.” In acromegaly and 
Froehlich’s syndrome, gastric secretion is often decreased.** Recent 
experiments and clinical findings show that the gonadotropic sub- 
stances in the blood stream influence the activity of the gastric 
mucosa. The anterior pituitary-like fraction of pregnancy urine 
depresses gastric secretion.!® De Lisi*! believed that the depression 
of gastric secretions following the administration of anterior pitu- 
itary-like substance is secondary to its effect upon the thyroid and 
ovaries. One of the hormones from the pars posterior of the pituit- 
ary gland, vasopressin, affects the activity of the gastric mucosa, by 
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virtue of its control of the blood flow to the secretory glands. Injec- 
tions of large doses of this substance will produce extensive hemor- 
rhagic lesions into the acid-producing portion of the stomach, and 
inhibition of gastric secretions.” 

Increased acid secretion in dogs has been noted in transplanted 
gastric pouches during lactation.‘7 Gastric hypersecretion has been 
noted following parturition.“ Gastric acidity is reduced during 
pregnancy. Peptic ulceration rarely occurs during this period and 
if it was present prior to gestation, a remission usually takes place.*: 
This has been thought to be due to increased blood estrogen, but 
further observations following estrogen injections in animals and 
humans have failed to verify this finding.’ Estrogens in males 
over 60 increase appetite, and oral and parenteral overdosage of 
estrogenic substance (stilbestrol) has produced nausea, vomiting 
and epigastric pain.".°.4° We do not believe this to be completely 
a local irritative effect as has been thought by some, but a hor- 
monal effect on the gastric mucosa. 

Males and females have an approximately equal number of peptic 
ulcers before puberty, when their hormonal balance is as yet not 
well established; following puberty and synchronously with the 
change in the androgen estrogen ratio, the peptic ulcer ratio changes 
to 9 males per 1 female.“ The incidence of achlorhydria definitely 
increases with age. Peptic ulcer occurs frequently in females during 
and immediately following the menopause. 


These evidences of endocrine control of the gastroduodenal 
mucosa have encouraged us to study the results of changing the 


hormone balance in males by the intramuscular injection of es- 
trogens. 


Method. Twenty-two men, all with protracted histories of chronic 
duodenal peptic ulcer, who had been previously under other treatment 
unsuccessfully in our Gastro-intestinal Clinic for at least 1 year (usually 
longer) were placed on daily (except Sunday) injections of various dosages 
of estrogenic substance (theelin in oil). All injections were given in the 
same clinic, by the same nurse in the same place (buttock). No further 
medication was given unless specifically indicated (see Table 1). 

Laboratory studies on all patients showed negative serologic tests for 
syphilis, urinalyses showed no abnormality, and basal metabolic rates were 
within normal limits. . 


SuMMARY OF TaBLE:1. All patients were males and had positive 
x-rays for duodenal ulcer. Average age 39.2 years. The average 
length of time between diagnosis and beginning treatment in this 
clinic was 2.9 years (several had refused operation). 

Of the 22 cases, 21 were followed for 1 to 3 months; 14 for 6 months 
to 1 year; 13 for 1 to 3 years; and 11 for 3 to 5 years. 
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CLINICAL RESULTS X-RAY 
22 cases followed for 1 to 3 months: 


1 Recurrence of severe symptoms 7 Negative 2-rays 
(worse) after treatment 

1 Unimproved 14 Positive x-rays 

8 Good results. Mild residual gas- after treatment 
tro-intestinal symptoms 

10 Asymptomatic following treat- 

ment 

1 Results unknown 


14 cases followed 6 months to 1 year: 
5 Recurrences of severe symptoms | Negative 
3 Unimproved 12 Positive 
4 Good. Mild residual gastro-in- 1 Unknown 
testinal symptoms 
2 Asymptomatic 
13 cases followed 1 to 3 years: 
7 Had recurrences 3 Negative 
2 Unimproved 10 Positive 
5 Good results. Mild residual gas- 
tro-intestinal symptoms 
1 Asymptomatic 
2 Operated upon (1 asymptomatic; 


1 died) 


Two cases with former good results and recurrences had 10 further 
injections each of 1000 units of theelin, 10 and 12 months respectively 
after the original injections. These patients are reported as good 
(improved but with occasional gastro-intestinal upset) and unim- 
proved, respectively, 1 to 3 years following treatment. 


11 cases followed for 3 to 5 years: 
8 Had recurrence 4 Negative z-rays (2 
3 Good operated cases) 
3 Asymptomatic 7 Positive 
3 Unimproved 
1 Operated upon (asymptomatic) 


Seven patients were given gastric test meals both before and after 
treatment; the second test, however, was performed at varying 
intervals following treatment (1 week to 2 months). Although 
several were above normal limits prior to treatment, the free and 
total acid either remained above normal or was perceptibly higher 
following treatment. No cases showed a fall in either free or total 
acid, despite clinical and x-ray improvement. 


C.C. of 0.1 N NaOH (Average of Five Cases) 


C.C. of 0.1 N NaOH (Average of Five Cases) 
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The results of estrogen administration occurring in this group 
(Table 1) seemed worthy of further investigation; in addition, 
therefore, we followed 9 cases from 10 to 18 months (1940-41) with 
additional studies. Using larger doses of estrogenic hormone, urine 
estrogen studies, gastric analyses, and gastroscopic examinations 
were made. 


GRAPH SHOWING INCREASE IN GASTRIC ACIDITY AFTER ESTROGEN ADMINISTRATION 


= 
| 


| 
| 


Rise in 
Total Acid 


Rise in 
Free Acid 


a =Total Acid 
e = Free Acid 


; 15 Min. 30 Min. 45 Min. 
Fasting 


Histamine 0.3 cc 


Fic. 1.—Increase in gastric acidity before and after estrogen injections. 
(Cases 1, 2, 3, 4 and 5 of Table 2). 


Seven male patients with active symptoms caused by chronic 
duodenal peptic ulcer, who had been treated in our clinic for more 
than 1 year, were placed on large doses of theelin (estrogenic sub- 
stance). From 200,000 to 700,000 international units of theelin 
were given by daily (except Sunday) intramuscular injection in 10 to 
50,000 unit doses. During the period of injections no other medi- 
cation was given except placebos when necessary. 

Two of the males chosen had had theelin injections with remission 
and recurrences previously (1937—Case 4; 1938—Case 9—Table 1), 
and incidentally requested further injections. * 


* Two female patients suffering from duodenal ulcers of 5 to 18 months’ duration, 
and having menopausal symptoms, were also treated. In the females the theelin 
was given at longer intervals (1 to 2 times weekly). On these cases we have either 
insufficient laboratory work or follow-up to evaluate the results and they will there- 
fore not be taken into consideration in the calculations and conclusions. 
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Studies of the 24 hour urine output for measurement of the 
amount of estrogenic hormone present were performed before and 
following theelin injections. 

Blood and urine estrogen studies were made prior to and following 
treatment in 8 of the 9 cases tabulated in Table 2. All but 1 case 
showed a rise in urine estrogen following treatment. Neither urine 
nor blood androgens were investigated and therefore the status of 
the androgen-estrogen ratio is not known. The work will have to 
be repeated to ascertain these facts. 

Five cases (Table 2) had gastroscopic examination previous to 
estrogen administration; unfortunately, however, only 2 cases were 
so examined after treatment. Although in these 2 cases (3 and 7 
of Table 2) which were asymptomatic at the time of gastroscopy, 
despite a marked rise in gastric acidity, the gastric mucosa was 
apparently normal; there is no method of ascertaining the condition 
of the duodenal mucosa by direct vision. We cannot overempha- 
size the importance of gastroscopy in determining the physiologic 
and pathologic status of the gastric mucosa. Further evidence of 
gastroscopic changes in a larger series of cases is being prepared and 
will be published in a separate report. 

SUMMARY OF TABLE 2. All cases treated showed clinical improve- 
ment during and immediately following treatment. Of the 7 males, 
4 were asymptomatic and 3 felt generally well but had occasional 
mild gastro-intestinal symptoms—heartburn, belching, slight epi- 
gastric pain, etc.—which did not, however, require further medica- 
tion. X-rays of the stomach and duodenum which had been pre- 
viously positive were completely reversed to negative (—) in 2; 
3 showed evidence of healed lesions (+) but no evidence of activity; 
and 2 remained positive (+). 

At 4 to 6 months following treatment 2 cases remained asympto- 
matic; 2 felt generally well but had occasional gastro-intestinal dis- 
turbances. Two cases were unimproved and needed further medi- 
cation due to gastro-intestinal complaints. One case had recur- 
rence of severe acute symptoms starting 5 months after injections. 

Gastro-intestinal x-ray checkup at this time on 5 of the 7 patients 
showed 1 case with signs of a healed lesion but without activity, and 
showed the remaining 4 positive for duodenal ulcer. 

Further follow-up showed 5 cases had recurrences of acute symp- 
toms, at 5, 10, 11, 11 and 13 months respectively, and 3 required 
hospitalization. One case failed to return. A single case showed 
signs of a healed duodenal lesion and the remaining 6 cases showed 
positive x-ray evidence of duodenal ulcer. 

Gastric test meals (with histamine stimulation) were performed 
| day to 1 week prior to theelin injection and within 1 week follow- 
ing the last injection. The method of gastric analysis employed 
was as follows: 

The patient came in without breakfast. A Levine tube No. 18 
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was passed through the nose into the stomach, and a fasting speci- 
men of about 30 ce. collected and labeled as such. Then } cc. of 
histamine was given by subcutaneous injection. A test meal speci- 
men of about 10 cc. was then taken and labeled No. 1, and after 
that at 15 minute intervals additional specimens to a total of 4 were 
collected and labeled, No. 2, No. 3 and No. 4 respectively. 


TABLE 3.—ReEsu.tts or Gastric Test MEALS 


Before Following Total increase 


. Fasting 


2. Fasting 


1 
2 
3 
4 


3. Fasting 
1 
2 
3 
4 


. Fasting 
1 

2 

3 


+ 


. Fasting 


262 324 173.0 200.5 


Three cases (2, 3 and 4) showed a moderate degree of hyperacidity 
and 2 cases (1 and 5) showed normal gastric acidity prior to estro- 
gen injections. All showed a tremendous increase in free and total 
acidity following the injections of estrogens: increase of 40% to 
180% free acid; of 22% to 164% total acid. It is possible that the 
increase would have been more marked in Cases 1, 2, 3 and 5 if 
further specimens had been taken. 

A word concerning the interpretation of x-ray results. There is no 
difficulty with definitely negative or distinctly positive plates. 


Free Total “Free Total Free Total 
acid acid acid acid acid acid 
7: 0 2 15 21 
1 0 6 20.5 32 
2 34 42 42 49 
3 60.5 66 84 
4 ; : 64 74 88 110 
158.5 190 237 .0 296 78.5 106.0 
| 10 14 14 15 
12 23 22.5 24 
36 46 36 40 
56 74 70.5 74 
‘ 70 83 96 100 
$ 184 240 239.0 253 55.0 13.0 
0 2 0 9 
0 4 §.5 15.5 
; ‘ ; 0 4 30 43 
20 26 60 68 
2 10.5 30 79 86.5 
30.5 66 174.5 222.0 
4 E ' 15 15 50 72 144.0 156.0 
25 39 73 81 
54 72 106.5 111 
65 78 87 93 
196 259 407.5 455 211.5 196.0 
5 15 23 22 37 
1 ‘ 16 23 30 47 
2 25 29 59 67 
3 33 36 71 84 
: 4 0 12.5 80 8&9 
89 123.5 
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However, a problem arises in the interpretation of those which have 
been reported as “evidence of previous inflammatory disease,”’ 
“slight residual deformity,” “minimal deformity, findings suggest 
healed ulcer,” “no sign of activity at present,”’ which we have listed 
as + in Table 2. We both respect and appreciate the integrity of 
the roentgenologists of this institution in their efforts to help us 
diagnose these rapidly changing lesions. We believe it is particu- 
larly difficult to determine whether these duodenal lesions which 
we have grouped as + are due to scarred healing or early re-occur- 
rences at the original site. 

It is not surprising that the injection of estrogens in males showed 
an increase in gastric mucosal activity. It has been shown that the 
anterior pituitary-like gonadotropic substance will lessen the amount 
of gastric secretion and lower the free and total acidity.’*?! In 
several other instances anterior pituitary gonadotropic substance 
and estrogens act in an opposing manner. We'® 5.6 are in agree- 
ment with others®- that estrogens do not depress the quantity and 
acidity of gastric secretion. There seems to be a discrepancy in 
the relationship between the healing of duodenal peptic ulcers and 
the gastric acidity. With the increase of blood estrogen levels they 
appear to heal in the presence of an increased gastric acidity. 
Winkelstein, having treated 20 women showing menopausal symp- 
toms combined with “ulcer symptoms” with 20,000 units of Progy- 
non B injected 3 times weekly, states that there was no notable 
change in the acidity curves. Although x-rays were taken, the 
results are not given; though there is no definite follow-up, “ clinical 
improvement persisted for some months.’”’ Recurrences were fre- 
quent but usually relieved by further injections. He concludes that 
in this group, estrogen therapy was instituted with good results and 
believes it an open question as to whether the improvement was due 
to a specific effect on the gastric mucosa or the relief of the neuro- 
vascular symptoms of the menopause.** Assuming an alteration 
in the androgen estrogen ratio caused by parenteral estrogen injec- 
tions, it seems logical to assume that results in males will differ from 
those in females. 

The problem of evaluating therapeutic results in any group of 
peptic ulcer cases is fraught with difficulty; we would be extremely 
gullible to come to definite conclusions, ignoring the many factors 
involved in the life cycle of a lesion as evasive and poorly under- 
stood as peptic ulceration. In the realization that spontaneous 
remissions are characteristic of this condition, we feel that a con- 
sideration of the nutritional, psychoneurogenic, and (we shall add) 
endocrine factors is paramount in an attempt to come to an under- 
standing of the phenomena which take place. We have, however, 
several groups of patients who act as controls, to which these results 
could be compared, 7. e., those who were receiving various other oral 
and parenteral drugs during the same period. The great importance 
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of a long and careful follow-up is clearly shown. It is self-evident 
from the tables that if the cases had not been studied continuously 
and over a protracted period the results would be misleading. 

In the larger, longer followed group (Table 1), the 1 to 3 month 
checkup of 21 of 22 cases showed 10 (47 6%) asy mptomatic, and 
8 (37.1%) improved enough not to require further medication. 
This 84.7% (47.6 plus 37.1%) shows definitely more improved cases 
than we see with control groups (the latter varies from approxi- 
mately 38% to 70%. In 7 cases (33.3%) the x-rays, previously 
positive, had become completely negative in a short period. The 
best results in the control groups during the same time period show 
approximately 20% reversal of x-ray evidence. 

At the 6 months to 1 year period, of 14 out of 21 cases, only 2 had 
remained asymptomatic, but 4 were definitely improved. Only 
| x-ray remained negative. Five cases had recurrences of symp- 
toms. At the 3 to 5 year follow-up, 3 cases were asymptomatic, 
3 greatly improved, and 4 had negative 2-rays. However, of those 
who were asymptomatic (with negative x-rays), 2 had already been 
subjected to subtotal gastrectomy. These results, as far as the 
percentage of those who come to surgery is concerned, are compar- 
able with the results of all other treatments at our clinic, 7. e., 
approximately 10% come to surgery (all receive subtotal gastrec- 
tomy).** All that can be said for the therapeutic results in this 
group (Table 1) is that daily parenteral injection seemed to have 
caused a larger percentage (84% against 48% to 70%) of remissions 
and reversal of x-ray evidence (33.3% against 20%) in the course 
of the duodenal peptic ulcer. These remissions and reversal of x-ray 
positivity were definitely transitory in character, reverting to the 
average of the controls in 3 to 6 months to1 year following treatment. 

In the second group (Table 2) , considering the 7 male patients only 
at the 3 month follow-up, 4 were asymptomatic and 3 definitely 
improved. Two had complete rev ersal of a previously positive 
v-ray and 3 showed residual scarring in the duodenum but no evi- 
dence of activity. However, 6 months later only 2 remained 
asymptomatic; 2 were definitely improved, and 1 case had recur- 
rence of symptoms at 5 months. Of the 5 x-rayed, 1 showed residual 
scarring and 4 were positive for duodenal ulcer. At 1 year (only 
6 cases followed), 1 case (whose a-ray showed evidence of a healed 
ulceration but no activity) remained asymptomatic and the remain- 
ing 5 cases had recurrence of severe symptoms at 5, 10, 11, 11 and 
13 months respectively, with positive x-ray findings. 

These results would tend to verify our conclusions concerning 
cases in the previous series (Table 1) that daily parenteral estrogen 
injection in the dosage given, causes a higher percentage of remission 
in chronic duodenal ulcer, lasting from 5 to 10 months, than found 
in controls. The transitory nature of this remission (in Table 2) is 
particularly marked. Although the number of cases in this group 
is too small to sample for mathematical calculation, the results seem 
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clear-cut. Of greater importance than the subsidence of symptoms 
(in the clinical course of peptic ulceration) is the healing of the duo- 
denal lesion. This change in the lesion (Table 2) occurred in 5 cases 
(as evidenced by 2-ray) in the presence of a markedly increased free 
and total acidity (Table 3). It seems to cast doubt on present 
views concerning the relationship between the healing of a duodenal 
ulcer and lowering the gastric acidity. Others who have experi- 
mented on an entirely different basis have come to similar conclu- 
sions (at least as far as antacid therapy is concerned). It is not 
possible with our present knowledge to determine whether the heal- 
ing of the peptic ulcer was due to a direct effect of estrogens on the 
duodenal mucosa or whether the healing is secondary to the effect 
upon the gastric mucosa and its secretions.'‘7_ Further animal experi- 
mentation will be necessary to determine this point. 

In the second group (Table 2) we paid especial attention to endo- 
crinopathies resulting from the large doses of estrogens given. 
Three patients developed gynecomastia; 2 developed loss of libido. 
These manifestations lasted from 2 weeks to 2 months following 
treatment and then completely disappeared. 

Prostatic examination on all patients showed no evidence of 
abnormality. 

Experiences of several observers’ have emphasized the inherent 
dangers in continual hormone injection, especially in large doses. 
We are in no way recommending hormone therapy as routine treat- 
ment in peptic ulcer and would add our warning to that of others on 
the possible carcinogenic activity of these powerful agents. It is 
possible that in a patient with a threatening perforation, on whom 
operation was not feasible, hormone therapy would be applicable. 

In previous publications?*® we have called attention to the rela- 
tionship between the androgen estrogen ratio and the gastric mucosa 
in carcinoma of the stomach. We believe that the clinical and 
experimental work reported above furthers this concept. Loeb® 
has stated that the sex hormones influence the inception of malig- 
nancy in those tissues which they affect; the gastric mucosa is 
affected by the change in the androgen estrogen ratio brought about 
by the administration of estrogens. Further studies on this subject 
are at present being completed for future publication. 

Summary. 1. Clinical and experimental evidence of the endo- 

crine character of the secretions of the gastroduodenal mucosa is 
reviewed. 
2. Attention is called to the sex linked factors in peptic ulceration. 
3. The favorable, though largely temporary, results of parenteral 
administration of estrogen (theelin) on the gastroduodenal mucosa 
of 29 male patients with chronic duodenal peptic ulcer are noted. 

4. The possible relationship between the androgen estrogen ratio 
and gastric carcinoma is pointed out. 


Acknowledgment is made of the assistance provided by Parke, Davis & Co. in 
furnishing a grant to cover part of the expenses in carrying out this study. 
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THE TWO-DOSE GLUCOSE TOLERANCE TEST* 


By EpGar WayYBURN 
CLINICAL INSTRUCTOR IN MEDICINE 
AND 
Horace GRAY 


CLINICAL PROFESSOR OF MEDICINE, 
SAN FRANCISCO, CALIF. 


(From the Department of Medicine, Stanford University School of Medicine) 
Part 1 


SuGAR tolerance tests have been used for many years and have 
a definite place in the evaluation of carbohydrate metabolism. 
The chief objections to the usual type of sugar tolerance test include 
the need for 5 needle punctures and 5 determinations of sugar in 
the blood and urine, the 3-hour period required, and the insufficiency 
of information with regard to the ability of the patient to metabolize 
glucose. As a consequence, many physicians who desire more in- 
formation about their diabetic patients than is disclosed by urinary 
tests secure a single blood specimen. Usually this is a specimen of 
blood obtained in the morning when the patient has fasted over- 
night. 

In 1931 Exton and Rose*® devised a sugar tolerance test which 
required only 3 specimens of blood. Their procedure was as fol- 


* Supported by a grant from an anonymous donor and by the Rockefeller Fluid 
Research Fund. 
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lows: 2 packages each containing 50 gm. of glucose were made 
up and each dissolved in 200 ce. of water to which orange or lemon 
juice was added to flavor. Fifty gm. of glucose were given and the 
blood and urine were collected. Thirty minutes later another 
50 gm. of glucose were given and blood and urine were again col- 
lected. Thirty minutes later blood and urine were collected for 
the third time. The criteria of a normal response were that the 
final blood sample should be less than or only slightly higher than 
the peak, and that the total urinary excretion should be less than 
100 mg. Renal glycosuria was indicated by a low flat blood. sugar 
curve with higher excretion; alimentary glycosuria by sharp distinct 
peaks with low or only slightly higher final values and urinary 
excretion of over 100 mg. Diabetes was diagnosed if the final 
specimen was 10 or more mg. higher than the peak and excretion 
was over 100 mg. 

This test was based on the paradoxical law of Allen,! who found 
that there was no limit of tolerance to glucose given by mouth to 
the normal animal. On the other hand, in diabetic animals there 
were real definite limits of tolerance. Rabinowitch® applied Allen’s 
law to differentiate the glycosurias of diabetes and hyperthyroidism. 
He gave diets of constant protein and fat composition and increased 
the amount of carbohydrate daily by the administration of added 
glucose in small amounts at frequent intervals. The Exton-Rose 
test utilizes these results and the Hamman-Hirschman phenomenon, ' 
which is, that after successive doses of dextrose given by mouth, the 
level of each successive rise in the blood sugar curve is lower than 
the preceding one. The first peak is reached in about } hour, with 
a discrepancy in normals and diabetics; this discrepancy is greatly 
accentuated at 1 hour. Matthews, Magath, and Berkson® sug- 
gested that the Exton-Rose test might be simplified by the omission 
of the fasting and the }-hour samples of blood sugar. Such simpli- 
fication would be highly desirable if the power of the test to diagnose 
and assess the progress of diabetes at a given time were not sacrificed. 
With a view toward determining the best single end point for a 
one-puncture tolerance test, the Exton-Rose procedure is here 
modified to compare 4 definite end points. 


Methods. The procedure was as follows: The patient took no food 
or insulin after his evening meal. Water was allowed as desired. He ap- 
peared at the clinic at 8.30 to 9 a.m., having eaten nothing and drunk noth- 
ing except water or black coffee. He lay down on a couch quietly for 15 to 
30 minutes before the test was begun. The fasting blood sugar and urine 
were then taken. He was given 325 cc. of water containing exactly 50 gm. 
of glucose flavored with 2 to 3 tablespoonfuls of lemon juice.* Thirty 
minutes after the glucose the blood and urine were again taken and another 
50 gm. of glucose were given as above. Thirty minutes after the second 
glucose the third, and after another 60 minutes the fourth, samples of blood 


* This is approximately a 15% solution, in which concentration glucose is ordinar- 
ily absorbed from the gastro-intestinal tract. 
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and urine were taken. Qualitative and quantitative tests were done on 
the urine. All blood sugars were done by one technician with a few excep- 
tions.* This procedure differs from that of Matthews, Magath and 
Berkson® only in that a fourth specimen of blood and of urine are examined. 


Classification of Material. The present series is composed of 
110 glucose tolerance tests done on 105 individuals. All except 
7 were on patients who were being followed in the outpatient 
endocrine clinic of the Stanford University Hospitals. All came 
from their homes to the clinic for the test. There were 32 non- 
diabetic individuals, 16 of whom were overweight by 30% or more, 
and 16 of whom were less than 30% overweight. There were also 
3 cases of renal glycosuria. The remainder of the patients had 
diabetes. The diabetes was classified as mild, moderate, severe, 
or extreme by one of the clinicians in the diabetic clinic (Drs. 
Cutting, Gray, or Robson). Mild diabetes was said to be present 
clinically if the patient remained free from glycosuria on a diet 
containing more than 140 gm. of carbohydrate; moderately severe 
diabetes was diagnosed when insulin was needed with such a diet; 
severe diabetes was considered present when more than 40 units 
of insulin was required in order that the patient on such a diet remain 
free from glycosuria. It may be stated that the clinical criteria 
were not rigid and depended a good deal on the judgment of the 
clinician making the evaluation. Such evaluations were generally 
made before the test was performed and in all cases were made 
without knowledge of the results. It is to be noted that this series 
was heavily weighted with individuals who were considered to be 
normal except for the presence of obesity. It has been part of our 
objective to determine the significance of the test in such individuals. 
A number of tests have been done on individuals with other diseases 
but were not included in the analysis of this series with the exception 
of 2 cases of hemachromatosis with severe diabetes. 

Blood Sugar Curves for Each Class. An arbitrary classification 
based on the 1-hour blood sugar level was established as follows: 


Sugar Classification 
Lesstham 188 . ..... .. . Nen-diabetics 
168-179 . ... . . . . Doubtful diabetes 
Over 260 .... . . +. +. +. Moderate to severe 
diabetes 


These criteria are modified from those of Matthews, Magath 
and Berkson,’ who found that 95% of their patients with blood sugar 
levels less than 158 mg. per 100 cc. were designated in agreement 
with the clinical findings and that all of the patients with diabetes 
had 1-hour blood sugar values over 158 mg. 

From this classification Table 1 was derived. These data are 
presented graphically in Figure 1. Observation of this chart and 


* We are indebted to Mrs. Virginia B. Pomeroy for the blood sugar determinations 
and to Mrs. Margaret Curtis and Mrs. Betty Saxe for valuable assistance in the Clinic. 
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of Table 1 indicates a steady rise in the average values for all 
points on the time curve as the degree of diabetes increases. The 
fasting values, however, do not differentiate among normal persons, 
persons with renal glycosuria and borderline diabetics; nor do the 
3-hour specimens, although the range in the latter group is wider 
than in the former. In the specimens taken at 1 hour, or } hour 
after the second dose of glucose, the differentiation among these 
various groups is clear-cut; in these specimens there is also a dif- 
ference between the so-called normal individuals who are over 
30% overweight and those who are less than 30%. overweight. 


TABLE 1.—AVERAGE Bioop SuGars Ma. Per 100 Cc. ror Eacu CLASSIFICATION 
oF DIABETES 


Fasting 4 hour 1 hour 2 hours 
Class subjects M.* SE.¢ SD.t M. SE. SD. M. SE. SD. M. SE. SD. 
Borderline to mild diabetes 6 105 3 8 160 6 15 
Mild diabetes . . . . 34 118 4 26 189 7 40 215 6 37 177 9 50 
Moderate diabetes 136 38 225 12 296 10 42 274 «21 86 
Severe diabetes... . 16 192 10 38 286 8 32 378 9 36 414 13 652 
Extreme diabetes (with 
hemochromatosis) . . 2 262 45 64 345 55 78 430 46 64 483 57 81 
Alldiabetes . .. . 75 141 5 47 220 273 9 81 255 14 118 
* Mean. 


+ Standard error of the mean. 
t Standard deviation. 


The values of the specimens taken at 2 hours correspond in 
general with those taken at 1 hour. Among the normal patients 
and those with mild diabetes the 2-hour values show a lesser degree 
of accuracy than the 1-hour figures, with more overlapping of the 
normal and abnormal range. The 2-hour specimen, however, serves 
to distinguish more accurately between the more severe grades of 
carbohydrate metabolism. 

Comparison with Results at the Mayo Clinic. Work on the present 
report was begun after reading the paper of Matthews, Magath 
and Berkson.’ The criteria offered by them for the evaluation of 
the 2-dose test seemed sound to us. We have compared our results 
with theirs as best we could, with the differences in clinical criteria 
in effect at the Mayo Clinic and at Stanford Medical School. 
Table 2 offers the best fit we can make between the two sets of 
clinical criteria. 

Figure 1 shows a comparison between our data and theirs. It 
may be seen that there is a general parallelism between the two sets 
of curves in the diabetic patient material, which is closest in the 
l-hour specimen. The borderline cases have almost identical 
curves. The remainder of the chart suggests that the groups desig- 
nated mild, moderate, severe, and extreme with hemachromatosis 
by us are less severe than Grades I, II, III, and IV respectively of 
the Mayo series, with the difference between them varying from 
8 to 16%. As explanation for the lower position of our 4 remaining 
curves it seems likely that our patients, being ambulatory, were 
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throughout somewhat milder; furthermore, we picked a larger 
proportion of patients with supposedly mild diabetes in order to 
evaluate the diagnostic merit of the test. Finally, the diets actually 
taken by our patients contained more calories and carbohydrate 
than we prescribed, whereas their diets being prescribed in the 
hospital were in fact eaten as ordered. 


TABLE 2.—COMPARISON OF CLASSIFICATIONS USED IN THE Mayo CLINIC AND IN 
THE STANFORD DIABETIC CLINIC 


Mayo Stanford 
Normal Normal 
Renal glycosuria Renal glycosuria 
Latent diabetes Borderline diabetes 
(Diagnosed by sugar tolerance tests . 
only) 
Grade I Mild 
(‘‘Sugar-free on qualitatively re- (Sugar-free on diet containing 140 gm. 
stricted diet’’) CHO or more) 
Grade II Moderate 
(Not more than 200 gm. CHO) (Same with 30 U insulin or less) 
Grade III Severe 
(Same plus 30 U insulin or less) (Same with over 30 U insulin) 
Grade IV Extreme with hemochromatosis 


(Same plus 30 U insulin or more) 
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Fic. 1.—Average blood sugar curves of Stanford Series compared with Mayo Clinic. 


Obesity. An attempt has been made to ascertain the effect of 
obesity on the 2-dose sugar tolerance curve. In the clinical classi- 
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fication the obese patients were included among the normal cases. 
Those with obvious impairment of carbohydrate metabolism were 
placed among the diabetic patients in the arbitrary method of 
classification according to the blood sugar level described above; 
the greater number of persons so affected were among those more 
than 30% overweight. The results demonstrated in Table 3 indi- 
cate that obesity definitely impairs the ability of the individual to 
endure the strain of the double load imposed by the 2-dose test. 
This is statistically significant only in the 1-hour value. We have 
not attempted to correlate statistically this impairment of tolerance 
with the duration of the obesity but it is our impression that our 
results would be similar to those of Short,” who did find this a sig- 
nificant factor. 


TABLE 3.—AVERAGE BLOoop SuGARS ON NON-DIABETIC PATIENTS 


Fasting } hour 1 hour 2 hours 

Class subjects M.* SE.t SD.t . SE. SD. . SE. SD. M. SE. SD. 

Renal glycosuria. . 3 87 9 16 
Normal and obese up to 

29% overweight 93 2 8 
Normal and obese 30% or 

worse 95 2 8 


98 


Allnon-diabetics . . . 35 98 2 9 
* Mean. 
+ Standard error of the mean. 
t Standard deviation. 


TABLE 4.—AVERAGE SuGArs IF CLASSIFICATIONS BE PuRELY BY 
GLYCOSURIA 
Fasting hour hour 2 hours 

2. Borderline without glycosuria : 105 163 ( 141 
3. Borderline with 0.25% glucose in urine or less. 

Diabetes without test . . 126 201 23: 228 

. 0.1 to5gm. . 195 199 

5. Over 5 to 10 gm. 243 335 334 


Glycosuria. An attempt was made to classify this aggregate of 
individuals according to the amount of glucose excreted during 
the course of the test. The results of this analysis, which are shown 
in Table 4 and Figure 2, demonstrate a remarkably close relation 
between the blood sugar values and the amount of ycuearia. 
The cases were fitted into 7 groups which are shown in the chart. 
There is a steady rise in the values for all points on the blood sugar 
curve, while the best fit with any single point on the curve is with 
the values of the 1-hour specimen. Blood sugar specimens are 
necessary to differentiate among the normal individuals, those with 
borderline diabetes and those with a high renal threshold. Among 
those who have glycosuria it may be said that a mild diabetic has 
0.1 to 5 gm. sugar in the urine, a diabetic of moderate degree 5 to 
10 gm. and a severe diabetic over 10 gm. The apparent discrepancy 
between Groups 3 and 4 is explained by the inclusion in the classi- 
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fication of “borderline diabetics’ of certain obese individuals who 
never had had glycosuria but whose behavior during the test indi- 
cated their inability to metabolize carbohydrate. 

The Best Single Determination. Among the 4 specimens taken 
in this series, the fasting blood sugar is of relatively little use in 
diagnosis. Many of the mild and some of the more severe diabet’<s 
are within the normal range. There is a gradual increase in values 
as the diabetes becomes more severe but the average values for the 
mild diabetics are still within the normal range. The 3-hour speci- 
men shows a gradual rise in the averages from the normal to the 
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Fic. 2.—Average blood sugar curves obtained when classification is made solely on 
basis of glycosuria. 


severe diabetic but the range is not at all distinct and the overlap 
is extremely wide. It is too dependent upon such factors as dislike 
for the test dose, poor gastro-intestinal motility, poor or delayed 
absorption, and previous diet. 

The 1-hour values show a much better range and better cor- 
respondence in the determination of diabetes. We agree with 
Matthews et al. that the criteria used by Exton and Rose‘ and those 
of Gould, Altshuler and Mellen® are less accurate than the use of 
the single hour value as an indication of the presence of normal or 
abnormal sugar tolerance. In addition, these criteria are distinctly 
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more cumbersome and thus offer other difficulties to the widespread 
use of the test as a replacement for the single dose type. There is a 
steady increase in the values of the 1-hour determination as the 
diabetes grows more severe and the overlapping of the figures is 
not nearly so marked. As the diabetes becomes worse, however, 
there is much more of a jump. On the basis of these figures alone, 
one cannot distinguish so well the grade of severity of the diabetes. 

For this purpose the 2-hour specimen seems to have a very 
definite value. It may be noticed that the average curves show 
an increasingly steep climb from fasting to 1 hour in the normal and 
in the mild diabetic. In the moderate to severe diabetic this steep 
curve continues to rise steeply whereas in the milder ones it tends 
to return to the lower levels. The 2-hour specimen is less valuable 
than the 1-hour in the diagnosis between normal and mild diabetic, 
but more so in the differentiation of the severity of the diabetes. 
The entire curve obviously gives the most complete evaluation of 
the ability to metabolize carbohydrate and is worth the trouble of 
the additional specimen. If economy is an object, as is so often 
the case in practice, the present paper warrants eliminating the 
fasting and 3-hour specimens since the 1- and 2-hour samples tell 
most of the story. 

Comment. The behavior of the blood sugar after split doses of 
glucose is probably the best single criterion of the presence or 
severity of diabetes in an individual. However, in our series there 
were several individuals who had no history of diabetes, no gly- 
cosuria or other symptoms or signs, but who had a type of curve 
which was suggestively or definitely diabetic. ‘Some of these 
individuals have had and others have not had any symptoms to 
date. There were also diabetic individuals who had an apparently 
mild diabetes, who had shown no glycosuria and no symptoms over 
a period of months or years on a moderately restricted, or in 2 cases 
on an unrestricted diet, whose glucose tolerance curves rose to 
extremely high levels at 1 and at 2 hours and who had moderate 
to very marked glycosuria. 

This apparent discrepancy between the clinical evaluation of 
the state of the diabetes and the results of the test suggests that 
there is a difference between the adequate control of the diabetic 
and the ability of the pancreas to furnish sufficient insulin in a given 
period of time, or of the liver to utilize sufficient glucose in the 
synthesis of glycogen. To our way of thinking this does not detract 
from the value of the test. 

Summary (Part 1). 1. The carbohydrate metabolism of non- 
diabetic and diabetic individuals has been examined by means of 
the 2-dose glucose tolerance test. 

2. A classification of these individuals has been drawn up. 

3. Tables and curves are shown for the averages in each group 
of cases. 
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4. The results of this series show a reasonable parallelism to 
those obtained by Matthews, Magath and Berkson. 

5. Obesity impairs the ability of the individual to endure the 
strain of the double load imposed by the 2-dose test. 

6. There is a close relation between the values of the blood 
sugar and the amount of glycosuria. 
7. The 1-hour blood sugar value is the best single determination 
in the diagnosis of the existence of diabetes. 

8. The 2-hour blood sugar value offers a means of differentiating 
the severer classes of diabetics. 


Part 2 


During the course of the study on the 2-dose glucose tolerance 
test it became apparent that it would be necessary to study the 
effect of varying diets. The procedure followed was the same as 
that outlined in the preceding Part 1. Five individuals were 
selected for this study. One was a nurse in the hospital whose 
diet was accurately determined by the hospital dietitian; a second 
was a clerk working in the diabetic clinic but eating at home; and 
the remaining were intelligent and reliable patients whose state- 
ments about the content of their diets were as accurate as is pos- 
sible in a hospital out-patient department. All diets were outlined 
by us and worked out in detail by Miss Louise Esch, head of the 
dietetics division of the Stanford University Hospitals. Each diet 
was followed for a period of 2 weeks before the differentiating sugar 
tolerance tests were performed. The diets were rechecked at this 
time. In general, then, the tests represent successive 2-week 
periods. 


TaBLe 5.—TeEst Diets aND CURVES ON CASE 1; ARRANGED IN ORDER OF INCREASING 
CARBOHYDRATE CONTENT; IN CURVES 2 AND 3 IT Was ESSENTIALLY IDENTICAL, 
WHILE THE Fat ContTeNT Was INCREASED 
Diet CHO Prot. Fat Cal. Fast. 4 hr. 1 hr. 2 hr. 

55 72 206 2360 99 118 155 139 
269 88 129 2589 93 123 133 119 
248 87 220 3320 85 111 112 97 
499 80 29 2577 82 84 56 75 


Case Studies and Results. Case 1. “Naturally thin” normal, a 26- 
year-old single nurse who had been underweight all her life in spite of 
repeated efforts to gain. Her weight varied from 99 to 103 pounds. She 
had no other complaints. She was placed on 4 different diets, each differing 
from the others in at least one respect, as is shown in Figure 3 and in 
Table 5, together with the results of the glucose tolerance tests made at the 
end of the fortnight on each of these various dietary régimes. 

The results in this one case seemed sufficiently clear-cut, although they 
would have been even more orderly if the positions of the two middle curves 
were transposed: As the dietary carbohydrate was increased the sugar 
tolerance curve became flatter; the results of the two middle curves sug- 
gested that the absolute amount of dietary fat did not influence the toler- 
ance. 
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CasE 2. Moderate obesity; a 28-year-old housewife whose chief com- 
plaint was an alleged gain of 27 pounds in 3 months, to 166 pounds. The 
basal metabolic rate was —16%. During consecutive 2-week periods she 
was placed on 5 consecutive diets which are shown in Figure 4 and Table 6, 
together with the results of the glucose tolerance tests made at the end of 
each of these dietary régimes. The weight varied a total of only 4 pounds. 


DIET CHO —> 
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Fic. 3.—Blood sugar curves on Case 1. 


In terms of the 2-dose test let us examine the levels at 1 hour, 
which is the level of greatest diagnostic import: The two worst 
curves were those in which the carbohydrate intake was 153 and 
156 gm. The other 3 diets yielded results which were practically 
identical although the carbohydrate intake varied from 21 to 
302 gm. Since the results were so thoroughly mixed, the necessary 
conclusion is that in some individuals, at least, the preceding diet 
does not have as much influence on the sugar tolerance curve as 
other factors in the individual, as yet unknown. 

Incidentally, if one examines only the }-hour specimen, it may 
be seen that the blood sugar became lower as the carbohydrate 
content was increased. This has been previously shown to be 
true for the conventional 1-dose glucose tolerance test.7 This 
inference as to the lack of dependency of the 2-dose test on the diet 
is distinctly different from the customary views with regard to 
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1-dose tests and therefore may appear paradoxical and confusing. 
On the contrary, the inference supports the hypothesis of superiority 
for the 2-dose test, since it can be used and interpreted when the 
prior diet is unknown, as is often the case, thus escaping a severe 
limitation of the single dose test. 


TABLE 6.—Terst Diets aND CURVES ON CASE 2; ARRANGED IN ORDER OF INCREASING 
CARBOHYDRATE CONTENT 
Diet CHO Prot. Fat Cal. Fast. 3 hr. 1 hr. 2 hr. 
ae 21 58 72 962 96 131 91 100 
2 21 62 143 1619 94 139 89 103 
Bo Ge ee 66 9 957 100 130 111 104 
2 Ae ae 75 78 1026 88 130 107 88 
5 302 79 10 1614 93 125 89 83 
oO 160r—- 
oc 
a. 
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TIME IN HOURS AFTER INITIAL DOSE OF GLUCOSE 
Fic. 4.—Blood sugar curves on Case 2. 


Case 3. Borderline diabetes; a 58-year-old barber who also had received 
2 years’ treatment for syphilis and had arteriosclerotic heart disease with 
auricular fibrillation. Glycosuria was discovered in April, 1939, and had 
been found off and on in the ensuing year. The weight varied from 164 
to 177 pounds. He was put on the same set of diets as shown for the 
preceding patient in Table 6; the resulting curves are shown in Figure 5 
and Table 7. Like the last case the results are without significant order 
and force the same inference, namely, that within fairly wide variations 
in carbohydrate and fat intake the results of the two-dose test are inter- 
pretable without the necessity of considering the prior diet. 
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TABLE 7.—BLoop SuGarR CurRVES ON CaSE 3; THE DieTs WERE THE SAME AS THOSE 
IN CasE 2 


1 hr. 2 hr. 
157 121 
160 125 
183 134 
164 127 
169 146 
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Fic. 5.—Blood sugar curves on Case 3. 


TABLE 8.—TeEstT DIETS AND CURVES ON CASE 4; ARRANGED IN ORDER OF INCREASING 
CARBOHYDRATE CONTENT 
Diet CHO Prot. Fat Cal. Fast. 4 hr. 1 hr. 2 hr. 
By sb Grae 18 55 50 742 136 200 200 140 
- Seo 27 60 81 1077 127 200 222 198 
70 7 671 129 179 174 105 


Case 4. Marked obesity, no glycosuria; a 52-year-old housewife whose 
complaint was obesity of marked degree dating from the menopause; she 
had been unable to reduce her weight on a diet of supposedly 1000 calories 
daily. After instruction in holding her diet to the level specified, she was 
placed successively on 3 sets of low calorie diets, with the results shown in 
Figure 6 and in Table 8. Despite the increased care there was no loss of 
weight. All 3 curves are abnormally high, but the best of the 3 is the one 
before which there was a liberal carbohydrate intake (incidentally, dis- 
proportionally low in fat). The fact that after the 27-gm. carbohydrate 
intake the curve is higher than after the 18 must be attributed to the vari- 
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1 95 140 
4 96 146 
5 87 148 
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ability of the individual, inasmuch as the two diets are sensibly identical 
in both carbohydrate intake and carbohydrate-fat ratio. Again it may 
be emphasized that the absolute amount of fat in the diet does not influence 
the blood sugar curve. 
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Fic. 6.—Blood sugar curves on Case 4. 


Case 5. Mild obesity; a 26-year-old married female clerk whose obesity 
was mild and who also had asthma and recurrent herpes simplex. The 
weight was 137. She was placed on a series of low calorie diets with results 
outlined in Figure 7 and Table 9. There was moderate loss of weight. 


TABLE 9.—TeEst Diets AND CURVES ON CASE 5; ARRANGED IN ORDER OF INCREASING 
CARBOHYDRATE CONTENT 
Diet CHO Prot. Fat Cal. Fast. $ hr. 1 hr. 2 hr. 
A ae 25 60 80 1060 78 150 121 8&4 
ee 30 ve HF Low 89 137 93 92 
eS eee 56 7 907 93 134 93 101 


It is to be noted that Diets 1 and 3 were nearly equal in total 
calories and in protein content, but were completely opposite with 
regard to the ratio of carbohydrate to fat, while Diets 2 and 3 were 
almost identical, whereas that resulting after Diet 1 showed a higher 
curve than either. All three curves indicate normal carbohydrate 
utilization, again independent of marked fluctuation in the test 
diets, once more supporting the thesis that superiority lies with 
the 2-dose load. 
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Comment. Carbohydrate Content and Human Variation. The 
expectation that decreases in the carbohydrate intake progressively 
damage the blood sugar curve in the 2-dose glucose tolerance test 
is supported only by Case 1. The results obtained in the other 
4 patients, with a variation in the carbohydrate intake from 18 to 
302 gm., suggest a lack of dependency on the diet, and serve to 
emphasize the importance of considering the extent of human 
variability. All of the curves in all of the patients except Case 4 
lie within the zone of two standard deviations plus or minus from 
the means of the 35 normal cases examined by us previously. 
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Fic. 7.—Blood sugar curves on Case 5. 


This amount of variation indicates that many of the results com- 
monly considered statistically significant may have been due to 
chance. 

Superiority of the 2-dose Test. Sweeney, Muirhead and Allday™” 
placed groups of 2 to 6 normal young adults on diets composed 
exclusively of one or another of the different foodstuffs for 48 hours 
(2. e., 2 days and not 2 weeks as in our studies) preceding the 2-dose 
test. They found that such abnormal antecedent diets distort 
2-dose curves less than the single-dose test, and that the distortion 
is relatively less at the end of 2 hours. Their findings are extended 
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by the results obtained in our patients. It is noteworthy that in 
4 out of 5 of our cases the level of the 3-hour blood sugar decreased 
progressively with the increase in the dietary carbohydrate and 
that in the 5th case the points were around the same level. This 
5-hour specimen may be regarded as an index of the 1-dose load. 

Uniform Antecedent Diet. Conn* has emphasized the importance 
of a diet of uniform composition before any tolerance test is per- 
formed. The diets given to our patients were followed for a period 
of 2 weeks so that the question of duration of the preceding diet 
cannot be raised. It is freely admitted that the composition of 
the food ingested may not have been exactly that which was pre- 
scribed but we believe that the actual diet was closer to that pre- 
scribed than is ordinarily the case. The important fact from the 
practical point of view is that within the limits of the average free 
diet the amount of carbohydrate ingested does not significantly 
alter the interpretation dependent on a glucose tolerance curve in 
the 2-dose test. The dietary factor may become important when 
the patient is on certain special diets. 

The significance of the differences in the responses of the single- 
dose and double-dose tests after variations in the preceding diet 
derive from the phenomenon that the first dose of glucose acts 
rapidly to produce the same desideratum as a uniform antecedent 
diet, namely a constant balance preceding the second dose. Physio- 
logically, it seems likely that this uniform procedure results in 
packing the liver with glycogen which becomes quickly available 
for breakdown into glucose, and perhaps causes production of insulin 
at a more constant rate. 

Conclusion.* The 2-dose glucose tolerance test is relatively free 
from the influence of fairly marked changes in the composition of 
the preceding diet. It is thus free from the confusion associated 
with the single-dose glucose tolerance test and is therefore superior 
when the antecedent diet is not known, as is usually the case. 
These differences in the two types of tests are dependent on the 
fact that the first dose of glucose acts as a constant balancing 
portion of the diet preceding the second dose. 
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It has recently been demonstrated that in normal individuals the 
ingestion of glucose is followed by a rise in blood pyruvate.? This 
elevation almost invariably reaches a maximum at the end of 1 hour 
(Fig. 1) and returns to the normal fasting range within 3 hours. 
In conditions associated with thiamine deficiency, the fasting blood 


pyruvate is elevated®**:7.8 and the pyruvate curve following glucose 
ingestion is abnormally elevated and prolonged? (Fig. 2). 

. 

The present study was undertaken in order to determine the blood 
pyruvate curve following glucose ingestion in patients with diabetes 


mellitus. 


Materials and Methods. Eleven observations were made on 10 mod- 
erately severe diabetics (requiring 30 to 52 units of insulin a day). The 
ages ranged from 9 to 82 years. The patients were free of complications 
except that 2 of the older patients had cerebral arteriosclerosis (A.F., 
Fig. 3, and R.F., Fig. 6) and 1 patient had peripheral neuropathy (G.A. 
Fig. 5). Insulin was withheld for 24 to 48 hours prior to the test. Glucose 
and pyruvic acid were determined in the blood with the patient under basal 
conditions. Immediately following this, 1.75 gm. of glucose per kilo of 
body weight were given by mouth as a 25% solution in tea. Blood speci- 
mens were taken at 30 to 60 minute intervals over a period of 7 hours, the 
subject remaining at rest in bed. At varying time intervals after glucose 
ingestion crystalline insulin was injected. Glucose and pyruvic acid were 
determined by methods previously used.? 


* This work was aided by a grant from an anonymous donor for ae 
Psychosomatic Medicine, the John and Mary R. Markle Foundation and the 
liams-Waterman Fund of the Research Corporation. 
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BLoop GLUCOSE (DOTTED LINE) AND Pyruvic AcIp (SOLID LINE) CURVES 
FoLLow1ne GLucose INGESTION (1.75 GM. PER KILo). 
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Fic. 1.—Average of 27 normal subjects. 
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Fic. 2.—Average of 13 subjects with associated thiamine deficiency. 
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Fig. 3 
Figs. 3 to 12.—Patients with diabetes mellitus. The arrow indicates the point 
at which insulin was administered. 7A and 7B are the results of experiments on the 
same patient. The experiment indicated in 7B (insulin given simultaneously with 
the glucose at the start of the experiment) was conducted 1 week after the initial 
experiment. 
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Results.—As will be noted in the figures (3 to 12) there is little or 
no rise in blood pyruvate following glucose ingestion in patients with 


| diabetes mellitus. The largest increases in pyruvate after glucose 
ingestion were observed in case G.A. (Fig. 5) requiring 30 units of 
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insulin a day and having an associated peripheral neuropathy, and 


in case A.F. (Fig. 3) requiring 30 units of insulin daily. 


In every 


case of diabetes mellitus the rise in blood pyruvate following glucose 
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ingestion was smaller, and if an increase took place at all it had the 
tendency to occur later than in normal human subjects (Fig. 1). 

Following the injection of insulin the blood pyruvate was sig- 
nificantly elevated in each case. This was true whether the insulin 
was given intramuscularly or intravenously. 
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These results suggest that the formation of pyruvic acid following 
glucose ingestion is increased by insulin. This received additional 
confirmation in a series of experiments on depancreatized dogs.' In 


JL. 
700 


Tole 
500 


400 


300 


Pyruvie Mg 


200 


Tere) 


| = 
2 3 


Hours after glucose 


Fia. 10 


ro 


Pyruwe Aca Mg %o 


Hours after qlucose 


11 


5 6 
IB 
700 
600 
500 
Loo | 
f 200 © 
. |00 
2 5 5 6 


PYRUVIC ACID METABOLISM IN DIABETES MELLITUS 845 


these animals the intravenous injection of glucose was not followed 
by any rise in blood pyruvate unless insulin was supplied to the 
animal. In normal dogs, on the other hand, the injection of the 
same amount of glucose was followed by a significant rise in blood 
pyruvic acid. In addition, the rate of removal of intravenously 
injected pyruvic acid is the same in the normal and the depancrea- 
tized dog.'® This suggests that insulin increases the formation of 
pyruvic acid after glucose administration, and has little or no effect 
on the rate of removal of this substance. 

Previous work has shown that thiamine pyrophosphate is impor- 
tant in the removal of pyruvic acid, and the present study indicates 
that insulin is of importance in the formation of pyruvic acid follow- 
ing glucose administration. 
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Summary. In diabetes mellitus there is little or no increase in 
blood pyruvate following the ingestion of glucose. If insulin is then 
administered, a significant rise in blood pyruvic acid occurs. 
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THE ROLE OF PHYSICAL THERAPY IN THE REHABILITATION 
OF DISABLED SOLDIERS 


By PemsBerton, M.D.* 
PROFESSOR OF MEDICINE, GRADUATE SCHOOL OF MEDICINE, 
UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PA. 


THE war has brought into relief many phases of medicine and 
surgery which, in turn, must be brought to a sharper focus to meet 
the exigencies of the moment. In many previous wars the number 
of soldiers invalidated by disease has exceeded those invalidated 
by missiles, and sometimes this disparity has been very great. 
World War I was indeed the first in which U. S. forces were engaged 
in which battle deaths exceeded deaths from disease: 


Deatus Per 1000 Troops Per YEAR 


Disease Battle 
Mexican War 15 
Spanish-American War. .... . 26 5 


Modern warfare involves greatly increased incidence of trauma 
not only in the armed forces but also in the civilian population. 

In general, casualties from disease begin earlier than do those 
from combat. Again, in general, the measures necessary to efficient 
therapy of the sick and of the wounded, respectively, differ rather 
sharply and do not greatly overlap except when complications occur. 

There is, however, one field of treatment in war medicine which 
has wide application to both the wounded and the medically ill to 
an extent hardly shared by any other significant group of measures; 
namely, Physical Therapy. 

This truth is appreciated by few of the profession, though many 
as army and naval officers, will see it exemplified. Much will de- 
pend, in terms of soldiers and sailors invalided by trauma or disease, 
on the understanding which medical officers possess or may acquire 
of the principles involved. 

It is commonly accepted that in civil life, employment of the 
beneficent influences of physical therapy has lagged far behind 
such understanding and utilization of them as are available. Many 
large industrial concerns, however, have for some years accorded 
to their employees every facility within the realm of physical 
therapy, with the aim of reducing the period of invalidism and re- 
turning the patient to productive employment at the earliest 
moment. Industrial medicine presents overwhelming data as to the 
success of this policy. 


* Read by invitation before the General Scientific Session of the American 
Medical Association at Atlantic City, June 11, 1942. 
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What is the situation, however, in respect to that huge body 
of citizen soldiery, amounting eventually to perhaps 8 or 9 millions, 
which will constitute the armed forces of this country? To the great 
credit of the regular army, appreciation by it of the importance of 
physical therapy antedated World War I, and, by the same token, 
provision has now been made for equipment and ‘trained personnel 
in the present crisis. The emphasis upon physical therapy in 1917- 
1919 afforded, indeed, the first significant introduction of the subject 
to the minds of the majority of medical officers. Fuller use of this 
field could have been made in those years had the members of the 
medical profession, inducted from civil life, been schooled to profit 
by the opportunity. 

Orthopedic surgeons and, possibly, neuropsy chiatrists, constitute 
in civil life the medical groups most cognizant of the irreplaceable 
nature of physical therapy in the fields of their specialties. The 
importance of the subject far exceeds those boundaries, however. 
Piersol® pointed out before the Section on Medicine of this Con- 
vention a year ago the wide value of physical therapy to internal 
medicine in particular, as well as the relative unfamiliarity of most 
internists with it. Other groups in medicine have been strangely 
indifferent to the influences and results obtainable. 

It seems relatively easy for those whose attention is turned 
for the first time to physical therapy to appreciate that the applica- 
tion of heat and massage to a fractured limb or articulation may 
have useful consequences. It seems more difficult, or at least more 
unusual, for such persons to realize that the same influences may 
have comparable value to dysfunctioning protoplasm in general, 
whatever the particular “solution of continuity” involved. Im- 
portance attaches, therefore, to directing attention, briefly, to some 
of the basic effects obtainable through physical therapy, to the end 
that the wide applicability of this field to a great variety of con- 
ditions may be more readily apparent. 

Within the limits of the present contribution no full exposition 
can be made of the field as a whole, the conditions amenable to 
treatment or the techniques involved. These are available in great 
detail in several admirable treatises.4*—*-10.4 

The central agencies of physical therapy consist of the quartet of 
heat, massage, rest and exercise. With the exception of radiation in 
the nature of Roentgen ray or from radium, little or nothing has 
been added, 7. e., new in principle, since the days of Hippocrates, 
though facility of application and improved techniques have made 
great strides. The above apparently simple quartet of measures 
may potentially influence nearly all bodily processes, directly or 
indirectly, and can be given either systemic or local application. 
It is vitally necessary for those whose function it will be to order or 
direct these agencies to know something of the mechanisms of opera- 
tion concerned. The use of heat, for example, cannot be intelli- 


848 PEMBERTON: PHYSICAL THERAPY OF DISABLED SOLDIERS 


gently applied without knowledge of what it accomplishes and the 
limitations involved. 

The agreeable influence of heat upon an injured part is common 
knowledge and there is evidence, even to the layman, of hyperemia, 
characterized by redness. Heat from heated objects like bricks or 
hot water bags, may not be deeply penetrating. Heat can be made 
penetrating, however, by the use of modern techniques, such as 
diathermy. Whatever the source of the heat, capillary vessels are 
dilated and recent studies by Clark,* utilizing a window in the 
rabbit’s ear, have shown that an extraordinary increase in circula- 
tion may be developed, accompanied at certain stages by sticking 
of leukocytes to the vessel walls and eventual diapedesis into neigh- 
boring tissue. This observation is of great importance because it 
reveals the actual passage of particulate matter across the capillary 
wall. In the case of leukocytes this implies, by definition, phago- 
cytosis and other influences which they exercise in the fixed tissues. 
It also implies, however, influences of a metabolic nature involving 
the basic physiologic processes of the parts concerned. 

Systemic exposure to heat is shortly accompanied by a rise in 
body temperature, accompanied in turn by an increase in the heart 
rate of about 10 beats for each degree of fever. This rise in cardiac 
rate is accompanied by peripheral vasodilatation. There takes place 
a great increase in the rate of circulation throughout the body as a 
whole and many tissues share something of the influence following 
exposure of a part locally, the net result of which is an increase 
in total metabolic activity. Sweating is induced as a means of 
combating the rising temperature. Hyperventilation also develops, 
resulting in further loss of heat by evaporation. Coincidentally, 
there is a loss of carbon dioxide through the lungs, sweat and urine, 
though probably few medical men realize that the skin and kidneys 
also provide for removal of this end product. The net result of the 
loss of carbon dioxide through the lungs, sweat and urine, is a rela- 
tive alkalosis of the blood and fixed tissues. This alkalosis consti- 
tutes a limiting factor in the extent to which exposure to heat can 
be pushed, since tetany may develop. This is one of many possible 
consequences occurring during the induction of artificial fever or 
hyperpyrexia. This last-mentioned form of therapy is of proven 
value in such conditions as gonorrhea, undulant fever, syphilis, 
and certain other conditions but is limited to institutional use. 
The gentler uses of heat, either local or systemic, short of this 
extreme form of application, have far wider exemplification, especi- 
ally under conditions of warfare, and offer fewer dangers. In both 
the local and systemic use of heat the lymph channels are affected 
and the lymph flow is accelerated. 

It must be apparent that any measures exercising such reparatory 
responses as heightened blood and lymph flow, phagocytosis and 
increased metabolism must influence a wide variety of pathologic 


’ 
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conditions, ranging from trauma and infection to many disease 
states at large. 

The use of heat locally, and sometimes systemically, paves the 
way for the second of the quartet of measures constituting the 
main field of physical therapy; namely, massage. There should be 
pointed out the fact, ordinarily lost sight of, that about 25% of 
the blood of the body is in the capillary beds. Many of these 
beds are near the surface or at the periphery and, directly or in- 
directly, are available to physical influences. Curiously enough, 
the profession has had some anatomic but apparently very slight 
physiologic acquaintance with the capillary beds of the body. 
It is, however, only in and through these systems that the vital 
processes of living take place. The larger vessels of the body serve 
no purpose other than affording passage of the blood to those capil- 
lary regions at which its functions of oxidation and nutrition can be 
exercised. The capillaries and arterioles respond to both nervous 
and physical stimuli and the ordinary phenomenon of blushing 
illustrates the intimate connection between the capillary beds and 
the sympathetic nervous system. By the same token, drawing the 
finger nail across any skin surface is accompanied by a narrow line 
of blanching, followed by redness, which illustrates a combination 
of physical and nervous influences upon the underlying vessels. 
That this influence is susceptible of valuable directional application 
on a larger scale has failed of adequate recognition. Study of the 
rabbit’s ear*® has shown that light stroking of capillary beds induces 
changes, somewhat comparable to those following heat, in the caliber 
of the capillary vessels, the rate of blood flow through them and 
other phenomena such as migration of leukocytes. The extent and 
duration of these changes depend upon the vigor of application 
of the stimulus. Stroking is, in part, a light variant of that “laying 
on of hands” which constitutes the practice of massage, and in the 
full use of massage it is evident that muscle tissue and even certain 
organs can almost be seized as a whole. Some cellular and acinous 
contents of certain organs can be expressed or changed in respect to 
their distribution. 

Massage seems to partake somewhat of the nature of exercise 
and is often regarded as a substitute for it. It is not a substitute, 
however, and there is none. There are certain advantages in this 
from the fact that, in contrast to exercise, there is no production 
of lactic acid following massage such as accompanies the voluntary 
use of muscle. Neither is there any production of alkalosis such as 
follows exposure to heat. Massage is thus devoid of either of these 
consequences even though administration of it be prolonged and 
severe. Advantage is taken of this fact by trainers of athletes and 
even horses in that recovery from severe exercise may be definitely 
expedited by the skillful use of massage. 

By the same token extravasations of blood or débris into tissue 
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from trauma can be removed much more rapidly than would other- 
wise occur. This influence is inadequately utilized and has also 
application to a wide range of medical conditions characterized 
by metabolic or other kinds of detritus. This is conspicuously true 
of conditions accompanied by an excess of tissue fluids. The pitting 
which develops under pressure of the finger on the pretibial regions 
in cardiac decompensation is an example of displacement of fluid 
which can be taken advantage of, when applied systemically over a 
large area, to restore fluid toward the vascular channels through 
which alone it can be removed. 

Finally, there is an influence of massage upon the peripheral 
blood count which has had scant recognition, and is easily demon- 
strated by a stick of the finger. Following general massage the 
blood count may be significantly higher. Many capillaries are 
normally closed and red cells in stagnant, inactive regions may be 
returned to the general circulation under the stimulus of massage. 
A slight rise in the oxygen content of the blood can be demonstrated 
at the same time and there often takes place a definite diuresis.” 
The influence of one exhibition of massage upon the red cell count is 
ephemeral and small, but the cumulative effect of repeated induction 
probably accounts for some of the striking benefits inherent in a 
sustained course of massage. These influences obtain even in the 
presence of anemia," and it is probable that this important relation- 
ship has not yet been fully exploited. 

There are undoubted limitations to the use of massage in anemic 
or edematous states, but extensive use of it in the syndrome of 
arthritis has thoroughly demonstrated that, properly given, it can 
be exhibited with entire safety and conspicuous benefit in these 
directions. 

From what has preceded, it is axiomatic that heat and massage, 
should have value in the treatment of trauma. Trauma induces 
cellular death with variable damage to capillaries and lymphatics. 
If hemorrhage into tissue occurs there arises irritation from broken- 
down blood constituents. With increased tension from swelling, 
interference with the finer circulation occurs which may go on to 
complete block and tissue death from this cause. A fibrous network 
is formed which can be digested and carried off so long as it is fibrin. 
Within a few hours, however, fibroblasts begin to grow and newly 
formed connective tissue leads to thickening and loss of elasticity. 
Elevation of the part, gentle stroking, sedative massage, and low 
heat for prolonged periods may be very valuable in avoiding early 
organization. All of these influences must be considered quanti- 
tatively as well as qualitatively. Intense heat, massage causing 
pain, exercise causing distress, will only intensify local stasis.” 

Many powerful therapeutic agencies are two-edged swords and 
cut both ways. This is particularly true of massage. It may be used 
to direct blood to tissues greatly needing it. Improper use of it may 
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draw blood away from regions greatly needing it and so lead to 
fatigue and depletion. The statement can be confidently made, 
however, that any far-flung system of therapy directed at large 
numbers of soldiers and civilians which pays no heed to the réle of 
the peripheral capillary beds in such conditions as arise out of 
warfare falls far short of the best theory and practice of medicine. 

Attention should be turned briefly to that member of the quartet 
constituting physical therapy coming under the head of exercise. 
As already mentioned, exercise, either local or systemic, is eventually 
accompanied by an acidosis due to the production of lactic acid by 
the contracting muscles. In contrast to the influence of massage, 
exercise affords the only means of developing muscle although it is 
true that massage will add greatly to the tone and firmness of muscle. 
During exercise the heart rate is accelerated, the circulation of the 
blood is increased, sweating may be induced and some of the 
phenomena in the capillary beds discussed under heat and massage 
may be brought about. The availability of these influences to the 
sick and wounded from active exercise is of course negligible. 
There usually comes a time in the use of massage upon the loco- 
motor system, however, at which voluntary exercise becomes neces- 
sary in order to carry to a further point the reparatory processes 
inaugurated. One phase of exercise coming to be known as “postural 
exercise’ requires mention. This involves deep breathing, achieve- 
ment and maintenance of better posture and even the assumption 
of proper or “hyper-physiologic’”’ postures in recumbency. These 
measures go far to compensate for loss of bodily activity and have 
great value for persons confined to bed or a sedentary life. The 
several series of measures under discussion can obviously be co- 
ordinated, and also tie in closely with the topic next to be discussed, 
namely, rest. 

Rest is as important in the exhibition of physical therapy as in 
the treatment of cardiovascular conditions or pneumonia, but rest 
is not the simple negation of activity popularly connoted by the 
term. The resting phase of muscular activity is an integral part of 
muscular activity. Only trainers appreciate this relationship in its 
entirety. Systemic rest accomplishes specific purposes which no 
other measures can bring about and should be so carried out as to 
promote these ends. Rest in recumbency has the following con- 
sequences: 1, The avoidance of excessive blood flow to active areas 
permits of dilatation of capillaries elsewhere and the determination 
of blood to such regions; 2, this promotes even distribution of blood 
throughout the capillary beds; 3, the warmth of the bedclothes may 
further open up peripheral capillary beds; 4, these influences permit 
passage of tissue fluids into the vascular channels; 5, rest permits 
relaxation’of the nervous system by releasing it from the maintenance 
of muscular tone; 6, allows ptosed and dysfunctioning organs to 
assume normal positions and functions; 7, reduces the metabolic 
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load because the lowered energy outgo permits a lowered energy 
intake; 8, permits replacement of the metabolic deficiencies and 
removal of the surfeits constituting fatigue; 9, by removal of static 
strains, rest permits subsidence of inflammatory processes and 
enables the process of repair to succeed. 

These iniiuences of rest underlie in principle reparative processes 
in all tissues and are not to be regarded as limited to any one con- 
dition. It would be well if the various components of rest could be 
prescribed separately for the specific purposes which they achieve 
rather than under a blanket prescription such as the term usually 
connotes. In the complicated syndrome of the arthritides, specifi- 
cally directed rest may have brilliant exemplification and much has 
been learned by refined study of it in these states. 

Time has been taken to stress the apparently simple but basic 
aspects of physical therapy, because the field as a whole has often 
been regarded “mechanistically” and has been associated in the 
mind of practitioners with apparatus of many kinds. Furthermore, 
there also exists the impression that such measures have application 
to a few conditions only, whereas the truth is that the physiologic 
influences discussed, whether achieved by Nature alone or with 
assistance, underlie rectification of dysfunction in almost the whole 
of medicine and much of surgery. 

As remarked earlier, it would be impracticable to include here 
enumeration of the traumatic and surgical accidents in which 
physical therapy is chiefly of value. Suffice it that these are almost 
legion and that rehabilitation of various types of. orthopedic cases 
bulks large in this field. According to Krusen,* “The surgical 
lesions most amenable to treatment by physical therapy under 
conditions of warfare fall into two general categories: (1) trauma 
of bones and joints, including fractures, dislocations, stiff joints, 
bone grafts and traumatic arthritis, and (2) trauma of soft tissues, 
including scars (especially of amputation stumps), contusions and 
‘lacerations of muscles and tendons, postural strains (particularly 
backache and flat foot), paralysis and tendon transplantations.” 
Goldthwait® has well said, “An operation upon a bone or joint may 
be technically most perfect, but unless measures having to do with 
restoration of function are instituted as soon as possible after 
healing a result that might have been perfect may, from the point 
of view of function, be very poor.” 

In the treatment of fractures, physical therapy is of immediate 
and irreplaceable importance. To quote Wilson,’ the indications 
are: “First, restoration of anatomic form as soon as possible; 
second, maintenance of alignment and fixation of the fracture; 
third, institution of measures to overcome circulatory disturbance 
and to maintain and develop function beginning at the earliest 
possible moment.” “The only measures capable of accomplishing 
this purpose belong to the domain of physical therapy and should 
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be included just as regularly in the treatment of fractures and 
employed with the same skill as are reduction of the fracture and 
splinting to maintain alignment.” 

Shock is a frequent consequence of severe trauma. The most 
effective treatment of this condition includes two of the basic in- 
fluences of physical therapy; namely, rest in recumbency and the 
application of external heat. It might be suggested that in view 
of the peripheral circulatory collapse accompanying shock, conser- 
vative application of effleurage and massage might, in certain cases, 
facilitate the venous return of fluid through the vascular system 
by reducing stagnation in the capillary beds. 

Physical therapy in conjunction with occupational therapy is 
also of prime importance in rehabilitation of individuals subjected 
to amputations, dislocations or injuries of peripheral nerves. 

Because of the influences of physical therapy upon normal 
physiologic processes, many medical conditions are also benefited 
thereby. 

The medical states in which physical therapy has its greatest 
value can be enumerated in approximately the following order: 

1. Arthritis, rheumatism, fibrositis, neuritis and muscular con- 
ditions constitute a field in which physical therapeutic measures 
experience some of their most brilliant consequences. In this con- 
nection there is a calculated incidence of at least 100,000 cases a 
year of rheumatoid disability for an Army of the size at present 
contemplated. The value of physical therapy to the orthopedic 
manifestations of the arthritic syndrome is obvious but it has equal 
or even greater value to the syndrome as a whole, before deformity 
has arisen. The frequency of involvement of the peripheral circu- 
lation in the capillary beds in the arthritic complex affords obvious 
explanation of the value of heat, massage and rest to the tissues 
concerned. 

2. A wide field of applicability of physio-therapeutic measures in 
general is to be found in disabilities of the nervous system, ranging 
from paralysis to the true psychoses. Weir Mitchell achieved world 
renown because of his treatment of various neurasthenic states on 
the basis of rest, massage and proper nutrition. That neurasthenic 
states, including psychic trauma, bulk large in warfare admits of no 
question and they probably also constitute part of the problem 
underlying so-called neuro-circulatory asthenia, sometimes referred 
to as the irritable heart of soldiers. It is to be doubted whether the 
full beneficial influences obtainable through physical therapy have 
as yet been adequately brought to bear upon this syndrome. 

3. The next most frequent group of diseases to which physical 
therapy is applicable under war conditions falls under the general 
head of cardiovascular conditions. Some of the most famous spas of 
Europe, such as Nauheim, have directed their facilities chiefly to 
the field of cardiovascular disease. Wide use has been made there 
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of warm baths, massage, resisted movements, graduated exercise and 
conditioned rest. The results of these measures leave no doubt 
as to the benefits to be achieved, and have been emulated throughout 
the world. 

4. Another exemplification of the same principle is to be seen 
in the use of heat, massage, and the so-called vascular boot to 
peripheral disease of the blood-vessels. While the disease states 
falling under this category find their most frequent incidence in the 
later years of life, conditions of warfare and such diseases as diabetes 
nevertheless introduce parallel problems which must be handled in a 
comparable manner. 

5. In many previous wars, typhoid fever played a large réle 
in the disablement and death of soldiers. In the present war, as 
in the last, typhoid fever will probably occur to a negligible extent 
because of prophylactic vaccination. There still exists, however, in 
Europe at least, the scourge of typhus. While prophylactic meas- 
ures have apparently some value in typhus they are by no means 
always infallible or available and it is to be expected that any 
army occupying the East Central Europe will be exposed to typhus. 
In this event it is probable that the Brand bath could again have 
wide application. One of the most brilliant examples of the appli- 
cation of physical therapy to flamboyant, febrile disease is to be 
seen in the application of the cold bath, with friction from massage, 
to the heavily toxic typhoid state. The sordes, coma vigil, subsultus 
tendinum, peripheral stasis, lividity, and other symptoms are largely 
referable to the impaired circulation, especially in the peripheral 
capillary beds. The change from this state, properly called typhoid, 
or typhus-like, to that of a calmer nervous system, clearer mentality 
and improved circulation, constitutes, at times, as dramatic a 
contrast as medicine has to offer. 

Another phase of warfare cognate to purely military activities 
themselves, though not partaking of them, is that developed under 
conditions of bombing. In London," occupation of underground 
shelters has definitely increased the incidence of arthritis and 
rheumatoid conditions. There is also an increase of peripheral 
palsies, of the arm, for example, induced in persons who fall asleep 
in awkward positions because of exhaustion. Physical therapy has 
been one of the measures upon which chief reliance has been placed 
in caring for these victims of the war. 

The final category to which attention should be called is that of 
convalescent states in general in which the indications and oppor- 
tunity for the use of physical therapy are so numerous and wide- 
spread as to make enumeration impossible. 

From whatever standpoint the question is viewed the exhibition 
of physical therapy in the care of the disabled soldier is, within the 
limits of its applicability, coequal in importance with purely surgical 
or medical procedures, and often exceeds either procedure. Physical 
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therapy should indeed be regarded as part of the fields of medicine 
and surgery and any separation of it from them is artificial. The 
excuse for considering it a separate phase of therapy is the fact 
that, as a field of therapeutics requiring special study and training, 
it is hardly more than a catchword to many physicians and still 
needs to be explained and emphasized. A deplorable situation exists 
in civil life which now permits hosts of traumatized and medically 
ill persons to become permanently invalided because adequate 
facilities and trained personnel are not available, or because their 
medical advisers are not adequately cognizant of the remedial 
potential in the field under discussion. Much the same limitation to 
optimal physical therapy will be present in the army unless adequate 
emphasis is given the subject in the minds of inducted medical officers. 

The proper prescription of physical therapy requires familiarity 
with the physiologic influences operative and with clinical appli- 
cation of them. This is the obligation of the physician or surgeon. 
The proper conduction of physical therapy is the obligation of the 
trained physical therapeutic technician. Unfortunately, technicians 
are limited in numbers, and time is required to train more. By the 
same token, physicians qualified to prescribe physical therapy, not 
to say carry it out, are even fewer. Indeed, the ironical situation 
exists that physical therapeutic technicians, supposedly operating 
under direction of the profession, may be actually more familiar 
with the indications for physical therapy, as well as the technique, 
than are many of the profession themselves. Medical officers, 
inducted into the services, should equip themselves as to physical 
therapy in at least a preliminary way. Lowman® has well said 
that the value of physical therapy in the event of another war 
(now upon us) will be determined not only by the work actually 
carried out by physical therapeutic technicians but also by the 
quality of the “prescriptive ability and intelligent interest shown by 
medical officers in charge.” 

Summary. The armed forces of the United States, in being and in 
prospect, will presumably reach numbers never before attained by 
this country. It is to be expected, therefore, that the number of 
casualties from trauma and disease will far exceed any figures 
heretofore experienced. Most phases of medicine and surgery 
having relation to the conditions under discussion will early experi- 
ence wide development and application. This cannot be said with 
equal confidence, however, of that field of treatment known as 
physical therapy. Notwithstanding the demonstrated influences of 
physical therapy upon normal and deviated physiologic processes, 
appreciation of these influences is not yet sufficiently widely dis- 
seminated, throughout the profession as a whole, to assure that 
physical therapy can automatically take its place alongside of sur- 
gery and medicine with the expectation that proportionately good 
results will be achieved. 
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Those of the profession entering the armed forces should acquaint 
themselves with these influences and learn on a larger scale than 
obtains at present when to prescribe the measures under discussion. 
Such measures should be carried out when possible by physical 
therapy technicians. There will be sharp limitations, however, to 
the personnel available to do this and a conscious effort must be 
made to atone for this gap by application, on the part of medical 
officers themselves, of at least some of the simpler practices of 
physical therapy. Given the state of medical preparedness as it now 
exists, there is probably no other field of medicine in which early 
and full grasp of the principles at stake would have equally sig- 
nificant results in terms of returning men to duty and in reducing 
invalidism. 
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STUDIES OF BIOTIN METABOLISM IN MAN* 
PART I. THE EXCRETION OF BIOTIN IN HUMAN URINE 


By THEeoporeE W. Oppet, M.D. 
NEW YORK, N. Y. 


(From the New York Hospital and Department of Medicine, Cornell 
University Medical College) 

As early as 1929 it was suggested by Findlay and Stern! that 
certain skin and nervous*system changes in children, known as 
Swift’s disease or pink disease, might be due to a lack of some 
essential material in the diet. This suggestion was made because 
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of the similarity between the clinical and pathologic changes in 
these children and those produced in rats as a result of feeding a 
diet of high egg white content. Although many years elapsed 
before the mechanism of “egg white injury” was clarified, the idea 
that a vitamin essential for man might be involved has been re- 
peatedly mentioned. Gyérgy, who gave the name vitamin H to 
the anti-egg white injury factor, has suggested several times that 
it might play a réle in man."--4 During the present year Syden- 
stricker, Singal, Briggs, De Vaughn, and Isbell” reported that they 
had produced such a vitamin deficiency in man by egg white feeding 
and had cured it with a biotin concentrate. 

The study of the factors involved in egg white injury in animals 
has been made principally by Boas,? Parsons, Lease, and Kelly,!® 
and Gyérgy," and their work has been recently reviewed by 
du Vigneaud.* The universal biologic nature of the protective factor 
was indicated by the finding of du Vigneaud, Melville, Gyérgy, and 
Rose® that vitamin H is identical with coenzyme R, a respiration 
enzyme essential for the growth of Rhizobium trifolii, and biotin, a 
stimulant for the growth of yeast. Workers from these same groups 
later isolated the vitamin from liver.’ It now appears that the 
syndrome of egg white injury results from the formation of a heat 
labile compound between biotin and a substance in egg white 
called avidin,® or antibiotin.4 This compound is not absorbed from 
the intestinal tract and thus deprives the animal of biotin.* This 
is the only condition under which rats have been made biotin-de- 
ficient, but chickens have been made deficient by a low biotin diet 
alone.!6!7__ Biotin-deficient chicks develop within a few weeks 
swelling and redness of the eyelids, cracking and bleeding of the 
skin of the feet and around the mandible, and loss of feathers. The 
skin lesions in the rat, which have a general similarity to those in 
the chick, have been regarded as a seborrheid desquamative type 
and they are accompanied by spasticity of the muscles and a 
kangaroo-like posture. 

In the present study an attempt was made to learn something 
about the use of biotin in man by studying its metabolism. The 
work so far completed is reported in 3 parts. The first surveys 
the excretion of biotin in urine. The second gives data on the 
relationship between biotin intake and output, and the third 
describes and discusses the significance of a material with biotin- 
like properties which has also been found in the urine. 


Methods and Results. The determinations were carried out by a yeast 
growth method described by du Vigneaud, Hofmann, Melville, and Gyérgy 
(5). In this test a synthetic medium from which practically all the biotin 
has been removed is inoculated with a standard quantity of yeast culture, 
and 10 cc. amounts are added to 2 series of flasks. To one series known 
amounts of biotin are added, and the yeast is allowed to grow for 16 hours 
at 30°C. The amount of yeast growth in each flask is then determined by 
measuring its turbidity with a photo-electric colorimeter and from these 
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values a standard curve, or growth curve due to known amounts of biotin, 
is constructed. The second series of flasks is used to construct the growth 
curve for the substance to be tested. The biotin content of the unknown 
solution is calculated by simple proportion from the position on the growth 
curve of the unknown that corresponds to the point of half maximum growth 
on the standard curve. To form our standard curve, pure biotin was added 
in amounts of .1, .03, .01, .003, .001, .0003, .0001, .00003, .00001, .000003 
micrograms per flask. The urine was added in amounts of .3, .18, .1, .056, 
.03, .018, .01, .003, .001 cc. per flask. These quantities of biotin or urine 
were made up to a volume of 2 cc. before they were added to the medium. 
Each 100 cc. of medium was inoculated with .6 mg. of 24-hour culture of 
Saccharomyces cerevisiz strain 139. 


When the biotin content of a urine was determined in this way 
the same value was found on repeated determinations. Twenty- 
four hour samples, collected in bottles to which 10 cc. of glacial 
acetic acid had been added, were found to contain the same amount 
of biotin after standing in the icebox for a month as on the day 
they were collected. There has been no evidence of biotin deteri- 
oration in any of the specimens studied. Neither was any of the 
biotin in urine found in the combined form in which it occurs in 
foods such as liver and yeast. In these materials biotin is present 
in a complex union from which it is separated only by autolysis, 
digestion, acid hydrolysis, or autoclaving. The urine value was not 
changed when the sample was mixed with concentrated HCl and 
evaporated to dryness or autoclaved 2 hours with concentrated 
HSOx,. 


TABLE 1.—Br1oTIN ELIMINATION FOR NORMAL SUBJECTS 


Micrograms Micrograms Urine vol. 
Subject No. per liter per 24 hours in ce. 
Men 
1 12.5 23 1810 
2 46.7 44 950 
3 12.7 24 1850 
4 30.4 27 883 
5 17.5 30 1700 
6 7.8 23 2990 
ff 32.2 50 1560 
9 111 1620 
Variation 23-111 883-2990 
Women 

16 —— 64 2120 
18 ‘ 51 1090 
19 ; . 64.6 106 1640 
20 9.6 14 1500 
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Other experiments were carried out to see if the material we were 
testing differed in any way from biotin derived from other sources. 
No difference was found except that only part of the material in the 
urine could be completely inactivated by egg white. The significance 
of this finding is discussed in Part III of this paper. 

Most of the normal subjects excreted from 20 to 50 micrograms 
of biotin per 24 hours, but there were a few whose daily output 
was more or less than this. This is shown in Table 1, where the 
elimination by a group of 10 normal men and 10 normal women who 
ate their usual diets is listed. There was no significant difference 
between the average values for the 2 groups, and the range extended 
from 14 to 111 micrograms, with an average figure of 45.7 micro- 
grams per 24 hours. 


CONSTANT DIETS VARIED DIETS 
7 & 0 
= 
60 pA 60 
so (SOF 
= 
“ae 
30 2 30 
a 
20 20 
= 
10 10 


Fic. 1.—Biotin content of the urine of subjects who ate constant diets and varied 
diets for 5 days. 


From day to day there was a moderate variation in biotin elimi- 
nated when the same subject ate an unrestricted diet. In contrast 
to this, there was little daily variation in the biotin content of the 
urine when the same diet was eaten each day. The opportunity 
to make such observations was provided by 4 patients who, because 
of various metabolic studies, ate the same diets every day for 5 or 
more days. In these diets not only the calories, minerals, protein, 
fat, and carbohydrate were kept constant, but the same breakfast, 
lunch, and dinner were eaten each day. In Fig. 1 the biotin excre- 
tion of these subjects on constant diets is plotted with the excretion 
values for a group of subjects who ate varied diets, and a rather 
striking difference is shown. 

A study was also made of the elimination of biotin at different 
periods throughout the day. From 6 subjects on unrestricted diets 
the urines were collected so that the biotin excreted from one 
mealtime to the next could be measured separately. This value 
was divided by the number of hours between the collections of 
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urine, to obtain the average hourly excretion for the period. These 
results are shown in Fig. 2. The hourly excretion was usually, 
though not always, higher during the day than at night and was 
different for each subject: One hospital patient who received prac- 
tically all her food for the day at 11 a.m. by stomach tube provided 
an ideal experiment for us. Her biotin excretion throughout the day 
snowed a uniform pattern and was not increased immediately after 
the feeding. This is also shown in Fig. 2. The tube feeding she 
received contained the uncooked whites of 4 eggs, and we were 
interested to see whether these prevented the absorption of much 
biotin. The eggs were therefore left out of the feeding for 5 days 
but no significant change in the biotin content of the urine occurred. 


NORMALS TUBE-FED PATIENT 
MICROGRAMS 


mM t EGG WHITE NO EGG WHITE 


fies 


i 2 
612 6 0 8AM 610 8AM 812 610 8AM 


Fic. 2.—Hourly biotin elimination throughout the day. The area of each block 
indicates the amount of biotin eliminated during that period. The normals ate their 
ordinary meals. The tube-fed patient received her food at 11 a.m. as indicated by 
the line above each diagram. 


When a test dose of crude biotin was taken by one subject there 
was a prompt flooding of the urine with it. A normal male, who 
usually excreted about 40 micrograms of biotin a day and who 
eliminated 3.18 micrograms per hour during the morning, drank 
an aqueous solution containing 1864 micrograms of crude biotin at 
noon. During the following 6 hours his urine contained 560 micro- 
grams (93 micrograms per hour). During the 24-hour period after 
he took the biotin he eliminated 793 micrograms. These results are 
shown in Fig. 3. 

The biotin content of the urines of 60 patients from the pavilions 
of the New York Hospital was studied to see if any of these showed 
a striking difference from the normal subjects. Cases with a wide 
variety of pathologic conditions were chosen, but those with skin 
or nervous disease processes were especially sought. Patients 
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with malignant disease, blood disorders, endocrine conditions, in- 
fections, and a variety of miscellaneous conditions were studied. 
An attempt was also made to find those whose food intakes had been 


NORMAL DAY AF TER TEST DOSE 
MICROGRAMS 
40 
30 
20 
10 
812 610 8AM 8 i2 610 BAM 


Fic. 3.—The effect of a test dose of 1800 micrograms of crude biotin on the hourly 
output in the urine. The arrow indicates the time of the dose. 


50 
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PATIENTS EATING POORLY 
30 
O 
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Fic. 4.—The effect of diet on the biotin content of the urine. Nearly 50% of the 
patients who ate poorly excreted only 10 to 19 micrograms of biotin per 24 hours. 


greatly restricted by disease or treatment. Practically all the values 
fell within the normal range. In the majority of instances where 
the food intake of the subject had been conspicuously poor the biotin 
excretion values were low. This is graphically shown in Fig. 4, 
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where the biotin excretion values for the normal subjects, patients 
who ate well, and patients who ate poorly, are shown in separate 
columns. 

Discussion. The conclusions allo ed by these results are limited 
by the fact that our urinary biotin values can be related to biotin 
intake only in a general way. The amounts of biotin in so few foods 
are known that we cannot yet calculate its content in human diets. 
Isolated determinations of the biotin content of urine have been 
reported, but there has been no previous study of the significance of 
the urinary biotin. More specific information than we have here is 
gained from complete biotin balance studies, and such studies on 
human subjects are reported in the next part of this series. A few 
facts appear to be established from these results, however, and there 
have been some reports on biotin metabolism in animals with which 
they can be correlated. 

There are 2 types of biotin metabolism in animals. Chickens are 
apparently dependent on their diets for biotin and become deficient 
when the supply is low. Eakin, McKinley, and Williams*® found 
that on ordinary diets these fowl excrete from 10 to 20% of their 
dietary biotin in free form and an additional 15 to 25% in a com- 
bined form which is liberated by hydrolysis. These figures represent 
the total biotin output since the excretion from the kidneys of these 
birds is present in their feces. It would appear that the rat is more 
difficult to make biotin deficient through ordinary dietary means 
than the chick, and he probably derives biotin from some other 
source than his food.t Biotin from this non-dietary source as 
well as dietary biotin might be found in the rat’s urine, but un- 
fortunately studies of biotin excreted by rats have not been reported. 

The experiments here reported clearly indicate that the biotin 
content of human urine is influenced by the amount of biotin in the 
diet. This is shown in several ways. When the subjects were 
grouped into those who ate well and those who ate poorly, a corre- 
sponding difference in biotin elimination was shown. For some 
individuals this did not hold true but there is no reason to believe 
that every large meal contains a large amount of biotin or that a 
small meal cannot. A correlation between biotin intake and urinary 
output is further shown by a comparison between the urine values 
of subjects who ate varied diets and of those who ate constant 
diets. In the former group the output is varied; in the-latter it is 
quite constant. Moreover, the biotin content of urine was markedly 
increased by the ingestion of a test dose of crude biotin. 

While the above experiments show that biotin in food affects the 
urine value, there are others that point to some source of the vitamin 
for man besides his food. Throughout these studies we have been 
constantly searching for a patient who excreted no biotin in the 
urine and we have analyzed the specimens of every patient we could 
find on a poor diet. Many of these were in the terminal stage of 
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chronic illnesses and had eaten nothing for days. In spite of this 
effort we have been unable to locate a patient without biotin in the 
urine. In fact, we have found very few who excreted less than our 
lowest normal. This is quite in contrast to other vitamin excretion 
studies and suggests that human subjects are not entirely dependent 
on food for their biotin. Evidence is presented in Part II of this 
paper to show that they derive a good deal of it from synthesis by 
bacteria in the intestinal tract. 

In the study of patients we selected those who showed skin and 
nervous diseases since these body systems are the ones altered in 
biotin-deficient animals. Patients with malignant diseases were also 
investigated because of the findings, by other workers, of a high 
biotin content of tumor tissue” and of the procarcinogenic effect of 
this vitamin.’ The rest of the patients were chosen to see if any 
alteration due to fever, anemia, increased metabolism, cirrhosis, or 
other abnormalities might influence biotin metabolism. No group 
of patients showed abnormally low values and only an occasional 
case excreted less than our normals. It cannot, however, be finally 
concluded that some error of biotin metabolism does not occur in 
these diseases. Such an error might be demonstrated by a more 
exact test than the determination of the biotin content of a 24-hour 
urine specimen, collected from a subject on an unrestricted diet. 

Conclusions (Part I). In a study of the biotin excretion in human 
urine it was found that: 

1. Normal subjects on unrestricted diets excreted from 7 to 89 
micrograms of biotin (as measured by yeast growth stimulation) 
per liter of urine or from 14 to 111 micrograms of biotin per 24 hours. 

2. With ordinary diets the biotin elimination varied from day 
to day, and throughout the day. There was a striking increase 
immediately after a large dose of crude biotin was ingested. 

3. Biotin excretion was greater in the urine of those who ate well 
than in the urine of those whose intake of food was poor. It was 
relatively constant for those who ate the same food every day. 

4. The biotin excretion of a large number of patients with a 
variety of disease conditions was studied. The values found were 
within the normal range and even during periods of starvation were 
not abnormally low. 


PaRtT Il. THE RELATIONSHIP BETWEEN THE BIOTIN CONTENT OF 
THE DIET AND ITS OUTPUT IN THE URINE AND FECES 


In Part I of this paper a general survey of the biotin content of 
urine was made and values for normal subjects were given. It was 
found that patients with a wide variety of morbid processes ex- 
creted relatively normal amounts of the vitamin. A general com- 
parsion of the abundance of the diet and the urinary biotin level 
was made and showed that the excretion was usually low when the 
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diet was poor. There appeared to be a level below which the value 
did not fall even during starvation. This low level was also reached, 
however, by some normals on a normal diet. 

To investigate further the metabolism of biotin in man, balance 
studies have been made on a small group of patients. Most of 
these studies were done in the Metabolism Pavilion of the Russell 
Sage Institute of Pathology at the New York Hospital, and the 
routine of that Institute was generally adhered to, as described below. 
Nothing to date has indicated that the diseases for which these 
subjects. were hospitalized or the treatments they were giv en 
created any disturbing effect on the experiments. 


Methods and Results. To regulate the biotin intake each patient was 
kept on a constant diet and ate the same three meals throughout the 
balance period. Different subjects ate different diets and various combi- 
nations of diets were used. In the first series of experiments a constant diet 
was eaten every day. In a second series of experiments two diets of widely 
different biotin content were alternated. These latter diets were identical 
in the protein, fat, carbohydrate, calcium, and phosphorus content and the 
principal difference between them was that 50 gm. of liver and 110 gm. of 
steak were taken with alternate luncheons. After several days on either 
program, during which the collection of urine and stool specimens was 
begun, a dose of 0.2 gm. carmine was given and this was repeated at the 
end of the experimental period, which was usually 5 days later. In this way 
the stool specimens corresponding to the experimental period were marked. 

The urines were analyzed by the procedure previously outlined. The 
diets required considerable preparation before analysis. A duplicate of the 
day’s food was thoroughly ground and suspended in water, and the mixture 
was shaken mechanically for 1 hour. It was then evaporated to dryness 
on a steam bath and the dry residue was ground and suspended in water to 
which 0.25 ec. concentrated H.SO, was added for each 5 ce. of solution. This 
mixture was autoclaved at 20 pounds pressure for two hours, and then 
adjusted to pH 4 to 4.5, filtered with suction, and the filtrate made up to 
volume. Ten grams of the ground diet residue were made up to an ultimate 
volume of 100 cc. 

The stool specimens for the whole period were mixed, dried, and hydro- 
lyzed in exactly the same way as the diet except that 100 mg. of the ground 
stool were made to a final volume of 20 ec. 

Because only a limited number of experiments of this type were feasible, 
certain refinements of the biotin analysis technique were made to increase 
as much as possible the accuracy of the results. In all cases the tests were 
run in triplicate so that an error of any single determination would be 
found. Furthermore, the specimens in each balance period were all analyzed 
on the same day so they could be calculated from the same standard curve. 
It had been previously found that on certain days the standard curve, 
independently or sometimes with the unknown’s curve, would not occupy its 
usual position on the chart. On such days the values were inaccurate. 
Errors of this type could be largely avoided by triplicate analyses and were 
probably completely avoided by using only those curves on which the 
standard fell within narrow limits, arbitrarily chosen. 

The diets used are listed in Table 2. Diet 1 consisted of powdered milk 
and was found to contain 60 micrograms of biotin. When the hydrolysate 
of it was mixed with egg white in the proportions of Diet la, biotin activity 
was completely inhibited in the test tube. Diet 2 has a low calcium and 
phosphorus content but otherwise corresponds to the food consumed by 
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many individuals who are only moderately active. Diets 3, 4, and 5 are 
average, general diets, and the biotin values for them probably correspond 
to that of the average American diet. From the values found in these 
analyses, it appears that liver, which was present only in Diet 5, is one of 
the few foods which significantly alter the intake of this vitamin for the day. 


TABLE 2.—CoMPOSITION OF Diets UsED 


Diet No. 
1 la 2 3 4 5 

Micrograms of Biotin 60 O* 30-34 34-37 32-35 5465 
Weight (em.) 840 1212 1998 1873 

320 342 406 390 
Calories . . . . 1000 1543 2015 2014 2017 
Protein (gm.) 57 55 75 75 75 
60 60 66 76 76 
Carbohydrate (gm.) . 71 ameter 185 283 246 246 
Calcium (gm.) 0.1 0.6 0.9 0.9 
Phosphorus (gm.) Soe eA 0.6 1.0 1.3 1.3 


* Diet No. 1 plus 18.3 gm. of powdered egg white. 


The diet of powdered milk and egg white was given to 2 subjects, on one 
of whom it had to be discontinued after 2 days. She had previously finished 
a control period of 3 days on powdered milk alone. During these 5 days 
her biotin excretion values in the urine were 29, 31, 38, 33, and 20 micro- 
grams. The other subject was not given a control period but took the milk 
and egg white combination 5 days, during which he excreted 30, 24, 36, 24, 
and 46 micrograms. These values were not significantly different from those 
he previously and subsequently showed on a general diet. The stools 
on these subjects were collected individually and varied so much in regu- 
larity, because of the constipating nature of the food, that they could not be 
compared with the other figures. 

In all the rest of the experiments the results were much more satisfactory 
and were in general agreement. They are shown on Figs. 5 and 6 and on 
Table 3. Fig. 5 shows graphically the relative amounts of biotin in the diet 
and in the urine of two subjects on constant diets. Although these subjects 
ate different foods, they consumed approximately the same amount of 
biotin daily and each of them excreted a relatively constant amount in the 
urine. One subject excreted slightly less biotin than she consumed but the 
other excreted considerably more than he ingested each day. In other 
balance periods the urine not infrequently contained more biotin than the 
diet. 

Fig. 6 shows the relationship between dietary biotin and urinary biotin 
when diets containing 35 and 65 micrograms were taken on alternate days. 
Under these circumstances the urinary biotin values were not constant as 
were those on Fig. 5 but showed daily variations which followed the fluctu- 
ations in biotin intake quite closely. 

On Table 3 the figures for the biotin balance periods investigated are 
listed in detail. The daily intake in the diet and output in the urine is 
listed. The average daily value for output in the feces is given since all 
the feces put out during the balance period were mixed and analyzed 
together. In 2 cases where the urines were not obtained, only the diet and 
fecal values are given. It is at once evident from this table that the biotin 
content of the stool far exceeded that of the diet, and from three to six 
times as much biotin was eliminated in the urine and feces of these subjects 
as they could have absorbed from their food. Biotin synthesis by the bac- 
teria in the intestine apparently furnished a reservoir from which biotin 
could be absorbed. There is some suggestion that a correlation existed 
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between the amount of biotin in the feces and the quantity in the urine. 
When Subjects B (Periods 3 and 4) and C (Period 1) consumed the same 
amounts of biotin, the stool and urine values of the former were both con- 
siderably higher than those of the latter. No correlation between the 
biotin content of the diet and that of the feces is suggested by these data. 
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Fig. 5.—The relationship between the amounts of biotin in the diet and the 
urine of 2 subjects on constant diets. 
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Fic. 6.—The relationship between the amounts of biotin in the diet and the urine 
of 2 subjects who ate diets of 35 and 65 micrograms of biotin on alternate days. 
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Discussion. ‘The biotin contents of the diets used in this study 
probably indicate the usual range of biotin intake by normal men 
and women. Amounts varying from 30 to 65 micrograms a day 
appear exceedingly small when they are compared with the amounts 
of other members of the vitamin B complex in ordinary diets. The 
daily human consumption of the latter is often expressed in milli- 
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TABLE 3.—BioTIn EXCHANGE IN THE SEVERAL METABOLISM PERIODS 


micrograms Total 


Diet Numbers 4 and 5 


34 
65 
34 
65 
34 


Diet Number 2 


116 


Diet Number 3 


217 


243 


128 


157 


151 


Stool 


87 
86 
99 


163 


191 


82 


108 


98 


Urine 


29 
29 
29 
28 
29 


29 


Average 
Average 
Average 


Average 


Average 


Average 


Average 


Average 


Average 


34 
34 
34 
34 
34 = = 
34 73 
34 53 
| 34 44 
50 
48 
34 = 4 
37 52 
37 48 
37 54 
59 
37 47 
37 = 2 
( 31 
65 
40 
65 
31 
4 mit 
46 = 
65 71 
34 34 
65 48 
32 
|* 58 
53 = = 
62 60 
35 29 
62 65 
34 
3. 62 76 
= = 3 
y 32 37 
A 54 59 
32 42 
V 54 77 
47 
54 65 
‘7 32 48 
l- — 
41 181 127 4 
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grams. This relatively small biotin intake by man, however, corre- 
sponds to a similar small biotin requirement of other biologic 
species. For example, optimal growth of yeast occurs when biotin 
is present in a concentration of only .0001 micrograms per cc., while 
thiamine must be present in a concentration of .04 micrograms per 
cc. to produce optimal yeast growth.” The biotin requirement of 
animals is also very small. Hegsted, Mills, Briggs, Elvehjem, and 
Hart" found that chicks require only 7 to 10 micrograms of biotin 
per 100 gm. of ration, a value surprisingly similar to that of our 
human diets. Our diets contain 2 to 4 micrograms of biotin per 
100 gm. of wet ration, or from 10 to 16 micrograms of biotin per 
100 gm. of dried diet. 

The biotin content of the diet loses some of its importance because 
of the synthesis of biotin in the human intestinal tract. A number 
of bacteria, including F. coli, have been shown by Landy and Dicken™® 
to synthesize biotin during growth in artificial media, and they 
appear to form more of it than they use. Burk’ found his rats 
were excreting more biotin in their stools than he was feeding them. 
The high biotin content of the stools of our subjects thus did not 
come as a complete surprise. This colonic source of biotin may 
explain why a subject can put out more biotin in his urine than is 
taken in his diet, and why we found a relatively normal biotin 
excretion by fasting human subjects and by those who took egg 
white for short periods. Such findings suggest that the quantity 
of biotin provided from this source is adequate for the needs of 
man, and there is thus reason to doubt that human subjects require 
any biotin in their food or can be made deficient by a lack of it. 

Since human subjects receive biotin from 2 sources, the signifi- 
cance of biotin in the urine becomes doubly complex. There 
is clear evidence that biotin from both sources appears in the 
urine. In the case of food biotin, this is shown by the striking 
daily variation of urinary biotin which occurred when subjects ate 
diets of high and low biotin content on alternate days. In the 
case of fecal biotin, by the continued biotin excretion which accom- 
panies starvation and by the fact that the urine often contains more 
biotin than the diet. Apparently in man there is a relatively con- 
stant level of biotin excretion in the urine based on biotin synthesis 
by colonic bacteria, and superimposed on this, sudden variations 
occur due to changes in biotin content of the diet. 

If this interpretation is correct, there is still no reason to doubt 
that the biotin content of the urine will become significantly dimin- 
ished when the supply of the vitamin to the individual is greatly 
reduced. To produce the reduction, however, it is necessary to 
eliminate the supply from bacterial synthesis as well as the supply 
from the food. This apparently can be accomplished with diets of 
high egg white or avidin content. Recently Sydenstricker, Singal, 
Briggs, De Vaughn, and Isbell*! have reported levels of 3.5 to 7.3 
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micrograms of biotin in the urine of human subjects whom they 
believed to be clinically deficient. These are significantly lower 
than any values we have found. There is also evidence, which is 
presented in the following part of this paper, to show that qualitative 
differences of the biotin content of the urine exist, and that the 
value of one of the biotin-like materials found in the urine may be 
as significant as the total biotin level. 

Conclusions. (Part II). A small group of hospital patients have 
been kept on diets of known biotin content and the excretion of the 
vitamin in their urines and feces has been studied. The following 
conclusions have been drawn: 

1. Diets of average normal composition contained from 30 to 40 
micrograms of biotin a day, which increased to 65 micrograms when 
liver was included. 

2. On a daily biotin intake of constant value, the biotin excretion 
in the urine was constant for each subject. The average daily figures 
for the different subjects, however, varied quite widely. 

3. When diets of 35 and 65 micrograms of biotin were taken on 
alternate days, the urine showed corresponding daily fluctuations. 

4. The average daily biotin content of the feces greatly exceeded 
the biotin content of the diets. There seemed to be some correlation 
between the biotin content of the feces and the content of the urine. 
There was no correlation between the biotin content of the feces and 
the content of the diets used. 

5. The total biotin output in the urine and the feces was 3 to 6 
times as great as the intake in the diet. 


PART Il. THE EXCRETION OF TWO BIOTIN-LIKE SUBSTANCES 
IN URINE 


The previous parts of this series report some observations on the 
metabolism of biotin in man, made by determining the amounts of 
this vitamin in diets, feces, and urine specimens. The analyses were 
made by a yeast growth method, and since this lacks certain de- 
sirable specific characteristics, we did many experiments throughout 
the work to test the properties of the material. These experiments 
have shown that the material in our specimens which gives the 
yeast growth response characteristic of biotin, can be divided by 
the avidin reaction into two parts, and there are thus two substances 
with biotin-like properties. A study of these substances is the 
basis of this part of our report. 


Method of Analysis. The measurement of biotin was described in 
detail in Part I. A comparison is made between the potency of an unknown 
material in factors that stimulate yeast growth, and that of a solution of 
known biotin content. A medium from which practically all of the biotin 
has been removed is used, and after it has been uniformly inoculated with 
yeast culture it is added to the unknown and standard solutions, which are 
made up in varying dilutions in flasks. After incubation the turbidity of 
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all the flasks is measured colorimetrically and curves of the yeast growth 
caused by the known and unknown solutions are formed by plotting the 
dilution of the solution against the turbidity of it. As the biotin content 
of the standard solution in micrograms per cc. is known, the strength of 
the unknown solution can be calculated by determining what dilution of 
it causes a turbidity equal to that of some point on the standard growth 
curve. The point of half maximum growth on this curve has been arbi- 
trarily selected as the place where the comparison is made. 

Avidin is the protein responsible for the development of egg white injury 
in animals. It apparently produces this syndrome by combining with the 
biotin in their diets to form a compound which is not absorbed from their 
intestines. Eakin, Snell, and Williams (9a) have shown that it also prevents 
yeast from utilizing the biotin for growth in pure and crude solutions. Its 
properties have been described by these authors (9) and by Woolley (24), 
and its combination with biotin appears to be a specific one. Its crystallin 
preparation was recently described (20). 
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Fic. 7.—The difference between the effects of avidin on the growth factors in urine 
and in a biotin solution of corresponding strength. The untreated urine and biotin 
solutions are indicated by solid lines; the avidin treated, by interrupted lines. The 
growth curves are formed by plotting the dilution of the solution as the abscissa and 
the turbidity (colorimeter reading) as the ordinate. The standard solution contained 
1 microgram of biotin per cc. 


When it was found that the urine contained a material which would 
stimulate yeast growth on biotin-free media, attempts were made to in- 
activate it with avidin. A number of different urines were tested after 
quantities of avidin had been added that exceeded many times that needed 
to prevent completely the growth activity of a corresponding amount of 
biotin in aqueous solution. In other experiments a constant amount of 
avidin was added to each flask which made up the growth curve, and thus 
the ratio of biotin to avidin changed progressively throughout the series. 
When either procedure was used the avidin caused only a partial inhibition 
of the growth-stimulating material in the urine. The height of the growth 
curve was lowered and the curve was changed to a position which corre- 
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sponded to that of a solution of lower biotin content. In no case, however, 
has the growth effect of the urine been completely inhibited. 

On Fig. 7 curves are shown in which the growth effects of urine and urine 
plus avidin are compared with solutions of pure biotin. A biotin solution 
was selected which gave a growth effect identical to that of the urine used. 
One cc. of the same avidin solution was added to all the flasks both of the 
biotin and the urine series. The difference between the effects of the avidin 
on the biotin and on the urine can be seen by comparing these curves. 

The avidin has completely inhibited the growth in all flasks containing 
.18 x 10—' micrograms of biotin, or less, and the curve falls abruptly at this 
point. It partly inhibited the growth in the one flask containing more biotin 
than this. In the urine series none of the flasks was completely inhibited 
by the avidin. The growth in all of them, however, was inhibited to a similar 
degree so that a new growth curve was formed. This falls parallel to the 
curve for the urine without added avidin. The growth effect of the material 
in urine not inhibited by the avidin can be calculated, in terms of biotin 
activity, from the position of this new curve. 

By testing a urine sample with and without avidin in this way, values are 
obtained for: a, all of the biotin-like growth material in urine; and, b, the 
amount of biotin-like material in urine which will not combine with avidin. 
The difference between these two values represents the amount of material 
in the urine that did combine with the avidin. This latter material is 
probably biotin. 

In urine the amounts of biotin and of the biotin-like material which fails 
to combine with avidin are easy to measure, because both of them are present 
in relatively large amounts. In suspensions of diets, stools, and other bio- 
logic materials there is only a little of the non-combinable material, and the 
strongest possible suspensions must be tested to find it. These suspensions 
are colored, because they have been hydrolysed with H.SO, to liberate the 
biotin, and a color correction must be made. We have found it practical 
to minimize this color correction by incubating the yeast 20 hours, instead 
of the usual 16 hours, so that the contents of the flasks are more turbid. 


Properties of the Non-avidin Combining Growth Material. It was 
at first thought that the failure of avidin to inactivate all of the 
biotin in urine might be due to the presence of some interfering sub- 
stance, most likely urea. Pure biotin was therefore added to a urea 
solution, which corresponded in strength to the urea in one of our 
urine samples. No interfering effect of the urea occurred and the 
biotin was completely inactivated by avidin. In other experiments 
pure biotin was added to urine specimens and it was found that 
avidin completely inactivated it without changing the amount of the 
other growth substance present. When urine was diluted, the same 
percentage of non-avidin combining growth substance always 
remained regardless of the degree of dilution. No evidence was thus 
found that anything in the urine prevented the avidin-biotin com- 
bination. 

A few tests were carried out to see if the two growth substances in 
urine could be distinguished by any other reaction than the avidin 
test. It had been previously shown that HCl and H.SO, hydrol- 
ysis, with concentrations of acid which do not destroy biotin, does 
not alter the total amount of growth substance in the urine measured 
by this test. Woolley* has shown that avidin is relatively stable to 
changes of temperature and pH. We adjusted urine samples to a 
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pH range of from 1 to 12 and added to them avidin solutions of 
corresponding pH. The amounts of biotin and non-combinable 
biotin-like substance in the urine were the same irrespective of the 
pH at which they were mixed. When urines adjusted to the same 
pH range were autoclaved, some of the non-combinable material 
changed to combinable material in the neutral range. This observa- 
tion was originally made by Burk.* Attempts to destroy biotin in 
urine with bromine and H,O, have not been satisfactory. 

A few experiments. have been made to see if other substances 
which affect growth would alter the growth activity of the material 
in urine. In the presence of avidin the amount of non-combinable 
biotin in urine was not altered by adding folic acid, or other pure 
vitamins to it. Solutions of liver extract and yeast extract did in- 
crease the amount of non-cqmbinable material under the same con- 


ditions. 
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COMBINABLE BIOTIN IN URINE 
NON-COMBINABLE BIOTIN IN URINE 
Fic. 8.—Excretion of biotin and non-avidin combining growth material in the 
urine. Left: Subject who consumed 35 and 55 micrograms on alternate days for 
7 days. Right: Subject who consumed 47 micrograms of biotin and large amounts 
of egg white every day for 5 days. 
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Excretion of the Non-avidin Combining Growth Substance. Not 
only all of the human urines studied, but the urines of dogs, rabbits, 
and rats have been found to contain this new biotin-like growth 
factor. Urine is the most plentiful source of it we have found, but 
we do not know why it appears in the urine in such large amounts. 
The diets and stool specimens of patients on whom we did biotin 
balance studies contained so much less of it than their urine, that it 
could not have been absorbed from their intestines. A few experi- 
ments have been made to see what factors do alter its excretion. 

The urines of 2 subjects who were eating diets containing 35 and 
55 micrograms of biotin on alternate days were examined. The 
amount of biotin in the urine varied directly with the amount in the 
food. The excretion of non-avidin combining material, however, 
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remained quite constant. To 2 other subjects test doses of 150 
micrograms of biotin were given during a period when they were 
maintained on diets of constant biotin content. This dose caused a 
flooding of the urine with biotin,, but did not alter the excretion of 
the non-combinable material. 

In another series of experiments an attempt was made to reduce 
the intake of biotin by giving avidin or egg white alone and with 
sulfanilylguanidine or succinyl-sulfathiazole. In some of the human 
subjects the excretion of biotin in the urine was decreased by these 
procedures, but it did not disappear completely. The excretion of 
the non-combinable biotin was not shown to be altered. We have 
not had an opportunity to study the urine of human subjects who 
showed signs of biotin deficiency, but two rats that were made 
biotin-deficient by avidin feeding, excreted no combinable biotin 
in their urine. Unfortunately, they were not studied when they 
consumed normal diets, so that we do not know whether or not their 
non-combinable biotin excretion had been changed. 

The results of two typical experiments on human subjects are 
shown in Fig. 8. 

Discussion. Of the various procedures used to identify biotin, 
the stimulation of yeast growth in a biotin-free medium and the 
inhibition of this effect by avidin are among the most specific. 
These tests are used to measure the amount of this vitamin in pure 
and crude materials, and any substance which gives both of these 
reactions has been considered to be biotin or some closely related 
compound. 

Our results seem to show clearly that there is something in crude 
biologic materials, which gives the biotin effect on yeast growth in 
the presence of avidin. We have not been able to distinguish it 
from biotin by any other reaction, and we do not think it is any 
other known vitamin. The most striking thing about it, however, is 
that urine contains large amounts of it, though only small amounts 
are absorbed from the intestine. This suggests that it is formed in 
the animal body and one is tempted to believe that it is a product 
of biotin metabolism. Metabolic products of other vitamins, some 
with altered biologic properties, are known to appear in the urine. 

Procedures intended to alter the metabolism of biotin in the body 
have so far failed to change the excretion of the non-combinable 
biotin-like substance in the urine. It seems clear that moderate 
variations in biotin intake and doses of biotin which greatly exceed 
that amount normally consumed do not alter the excretion of the 
non-combinable material. It is not yet clear, however, that its 
excretion is unchanged during periods of biotin starvation. We 
have not had an opportunity to make proper quantitative measure- 
ments under such conditions. The biotin absorption did not appear 
to be completely prevented in any of our human subjects, and the 
rats which appeared to be absorbing no biotin were not studied 
under other conditions. 

VOL. 204, No. 6.—DECEMBER, 1942 29 
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While it thus appears that two substances which give the yeast 
growth effect of biotin can be distinguished, it is not clear how these 
substances are related. For this reason we have used the term 
biotin for the mixture of these materials in Parts I and II of this 
paper. In Part III, however, we have designated the materials as 
true biotin and non-combinable biotin for convenience, though we 
realize that their exact identity is not established and that the non- 
combinable biotin may not be a single compound. In future studies 
of biotin metabolism it seems important to use avidin to separate 
these two materials. We have done this in enough instances to 
form some idea of what the new procedure will show and how it 
will affect the results already reported. 

In Part I it is stated that normal subjects excreted from 14 to 111 
micrograms of biotin per 24 hours, depending on the nature of the - 
diet. These values can be broken down into those for true biotin 
and non-combinable biotin. In instances where this was done the 
correlation between biotin intake and output was shown to be due 
to the fact that the daily output of non-combinable biotin is constant 
and uninfluenced by diet, whereas the value for true biotin fluctuates 
with the amount in the diet and thus provides the best index of 
biotin absorbed. Under those conditions where the urinary biotin 
values were low, the breakdown of the figures revealed that the 
non-combinable material accounted for such a large percentage that 
small variations in the excretion of true biotin were masked. When 
more such cases and patients with various diseases are studied with 
the avidin technique significant differences in biotin excretion may 
be found which did not show up before. 

In Part II of this paper, in which the results of biotin balance 
studies are reported, the values for diets and stools represent true 
biotin, for we have not found significant amounts of non-combinable 
biotin in either of these. The biotin values for the urine will have 
to be divided, but this division does not alter the fact tha’ the 
biotin in the urine and feces still exceeds by many times that present 
in the food, so that an important synthesis of biotin by the intestinal 
bacteria remains established. 

While it would appear that the application of the avidin tech- 
nique will amplify some of the work reported in Parts I and II of 
this series, we feel that more should be learned about non-combin- 
able biotin before this is undertaken. Much remains to be known 
about its properties and physiology. At the same time we feel that 
the information already gained should be reported, as it may be help- 
ful to other workers in the field. The present report is thus sub- 
mitted with the realization that it will probably undergo some 
amplification and possibly some revision. 

Conclusions.* (Part III). 1. The material in urine which gives 
the biotin test by the yeast growth assay can be separated into an 
avidin-combining and non-avidin-combining fraction. 


* For Conclusions of Part I, see page 863: of Part II, page 869 
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2. Both of these fractions have been found in all human urines 
tested and in the urines of the dog, rabbit, and rat. 

3. The avidin-combining fraction is probably biotin, and its 
excretion in the urine varies with the amount of biotin in the diet. 
Small amounts of it were excreted by patients taking diets con- 
taining large amounts of egg white. None of it was excreted in the 
urines of two biotin deficient rats. 

4. The non-avidin-combining fraction has been found in all urine 
tested. The quantity in the urine was not changed by altering the 
biotin content of the food or by oral doses of biotin. Only minute 
amounts of the non-avidin-combining biotin were found in diets and 
stool specimens. 
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THE EFFECT OF VARIOUS STEROIDS IN INTACT MALE RATS 
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(From the Department of Anatomy, McGill University) 


IN previous communications! we described the effect of various 
steroids in male rats in which the gonad was either removed or 
damaged by estradiol treatment. These investigations revealed 
that certain steroids produce a more pronounced enlargement of 
the male accessory sex organs (so-called ‘“‘androgenic”’ or “‘testoid”’ 
effect) in the presence of testicular tissue than in its absence. It was 
found that this activating effect of the testis is evident even if the 
Leydig cells have undergone complete involution as a result of 
estradiol overdosage. Such compounds as progesterone and preg- 
nenolone, which fail to stimulate the seminal vesicles of the castrate 
rat, even in doses as high as 10 mg. per day, proved very effective 
in causing hypertrophy of the seminal vesicles in rats whose Leydig 
cells had completely involuted as a result of chronic estradiol treat- 
ment. It appeared noteworthy, however, that these same com- 
pounds (pregnenolone and progesterone) prevented the usual de- 
struction of the seminiferous epithelium normally caused by 
estradiol administration. The question arose: can certain steroids 
stimulate the male accessory sex organs indirectly through a gonado- 
tropic action which is mediated by the seminiferous epithelium? 

It has been shown that many, if not all, hormonally active 
steroids cause atrophy of the Leydig cells if administered in suffici- 
ently high doses to the rat.?° This atrophy may be accompanied by 
involution of the seminiferous epithelium as in the case of treatment 
with folliculoid compounds (e. g., estradiol) or high doses of desoxy- 
corticosterone acetate. On the other hand, progesterone produces 
Leydig cell atrophy without tubular damage.® Testosterone proved 
to have a peculiar action inasmuch as in comparatively small doses 
it causes Leydig cell atrophy and a pronounced decrease in testis 
weight due to involution of the seminiferous tubules, while in high 
doses the tubules remain intact although the Leydig cell atrophy is 
even more pronounced.’ These facts may perhaps be explained by 
assuming that testosterone inhibits hypophyseal gonadotropic 
hormone production both at low and at high dose levels and hence 
tends to cause involution of both the interstitial cells and the 
tubular elements. At high dosages, however, the direct spermato- 
genic effect of testosterone prevails. Therefore the spermatic 
epithelium remains intact, while the Leydig cells, which are not 
directly stimulated by this compound, undergo atrophy. The fact 
that the spermatogenic action of testosterone is direct and not 


>? 
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mediated by the pituitary has clearly been proven since testosterone 
maintains spermatogenesis even in the hypophysectomized rat.?5 

The experiments to be reported in this communication represent 
a study of the morphogenetic effects of various steroids in the intact 
male rat. They were designed in order to obtain further evidence 
concerning the changes induced in the gonad and accessory glands 
as well as in, some other organs by a variety of steroids administered 
at different dose levels. We believe that these experiments clearly 
demonstrate that the production of Leydig cell atrophy is a common 
action of all the hormonally active steroids examined but is shared 
by none of the hormonally inactive compounds of this series. Our 
experiments also supply data concerning the action of the steroids 
on numerous other organs. 

Experimental. In our first experimental series 12 groups each, 
consisting of 6 male rats, were injected with 12 different steroids. 
The 13th group acted as not injected controls. In all the injected 
groups the steroids were administered in 2 daily subcutaneous in- 
jections of 0.1 cc. of peanut oil each containing 0.5 mg. of the 
steroid to be examined. The latter was present in the oil as a fine 
crystalline suspension. Treatment was continued for 14 days, the 
animals being killed on the 15th day and at which time their organs 
were dissected and weighed after fixation in ‘“‘Susa’’ solution. 

Melting pt. 
Common and chemical names *. 
1. Acetoxypregnenolone (17-ethyl-A5-androstene-3 (8), 21-diol-20-one- 


21 acetate) . 183-184 
2. Pregnenolone (17-ethyl-A5-androstene-3(8)-ol- 20-one) 186 (185-187) 
3. Androstenediol (A5-androstene-3(8)-17(a)-diol) . 182-183 
(182-183) 
4. Testosterone (A4-androstene-3-one-17 (a)-ol) 154 (154.5) 
5. Cholesterol (17-iso-octyl-A5-androstene-3(8)-ol) . 149 (150) 
6. Ethinyl testosterone (17-ethiayl-A4-androstene-3-one-17-ol) 265-268 
(270-272) 
7. Pregnanedione (17-ethyl-etiocholane-3,20-dione) 121 (120) 
8. Pregnanediol (17-ethyl-etiocholane-3(a), 20(a@)-diol) .  ,237 (237-239) 
9. Methyl testosterone .  .153 (163-164) 
10. Dehydro-iso-androsterone (A5-androstene-3(8)-ol-17-one) .137 (144-146) 
11. Progesterone (17-ethyl-A4-androstene-3,20-dione) 128 (128) 
12. Desoxycorticosterone Acetate (17-ethyl-A4-androstene-3,20- 
dione-21-ol-acetate) . 152 (158-160) 
13. (Table 2) Androsterone (androstane-3(a)-ol- 17-one) 177-178 


Table 1 summarizes our findings. 


Both the full chemical name 


(in italics) and the common name are likewise mentioned here, 
but only the common name given in the tables: The melting-point 
of the sample we used was always determined in our laboratory and 
is mentioned as an indicator of the purity of our preparations. 
It may also help to identify compounds (especially isomerids) whose 
chemical structure is not as yet quite certain. The correct melting- 
point of the most highly purified preparations described in the 
literature are recorded in brackets for comparative purposes. In 
every case the average organ weight is given in the table, the maxi- 
mum spread being indicated in brackets. 
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Treatment 


1 Progesterone . 
2 Pregnanedione 
3 Cholesterol 

4 Non-injected 


5 Acetoxypregnenolone 


6 Desoxycorticosterone acetate . 


7 Pregnenolone 

8 Androstenediol . 

9 testosterone 
Androsterone 
Dehydro-iso-androsterone . 
Methyl testosterone 


Testosterone . 


Treatment 


Acetoxypregnenolone . 
Pregnenolone 


Androstenediol . 


Testosterone 

Cholesterol . 

Ethiny] testosterone 
Pregnanedione . 
Pregnanediol 

Methy] testosterone 
Dehydro-iso-androsterone . 
Progesterone 


Desoxycorticosterone acetate . 
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Initial Final 

body wt. body wt. Pit. Thyroid Adrenal Pancreas Thymus Testis 

mg./day in g. ing. inmg. inmg. in mg. in mg. in mg. in g. 

1 142 197 6 14 27 709 297 2.572 
(130-150) (180-220) (5-7) (12-16) (24-34) (486-781) (136-362) (2.309-2.822) 

1 141 203 7 14 28 679 288 2.571 
(135-150) (185-230) (5-8) (11-16) (24-33) (416-941) (260-371) (2.008-3. 189) 

1 141 205 7 16 31 734 319 2.546 
(130-150) (180-220) (6-8) (13-18) (2440) (592-849) (250-363) (2.227-2.780) 

142 205 6 17 30 750 355 2.466 
(135-155) (180-230) (5-9) (16-18) (20-38) (508-935) (267-425) (2.245-2.785 

1 142 202 6 14 30 658 318 2.417 
(130-155) (170-225) (5-7) (10-18) (24-38) (414-838) (235-406) (2.167-2.730) 

1 142 204 6 13 31 768 248 2.404 
(135-150) (180-230) (6-7) (11-15) (26-40) (594-963) (174-302) (2.133-2.730) 

1 142 194 6 13 26 644 252 2.393 
(130-155) (150-210) (5-7) (11-14) (23-29) (438-823) (170-349) (1.944-2.676 

1 141 198 6 14 27 805 288 2.369 
(135-150) (180-210) (4-7) (11-18) (21-32) (688-929) (152-503) (2.061-2.460) 

1 143 195 6 13 28 636 251 2.309 
(135-145) (185-205) (6-7) (9-14) (25-33) (461-783) (183-315) (2.035-2. 635) 

1 139 169 5 25 399 242 2.258 
(135-150) (164-174) (3-5) (18-30) (322-543) (164-359) (2.080-2.448) 

1 142 197 7 16 29 787 230 2.248 
(130-150) (180-215) (5-8) (13-18) (26-33) (516-912) (165-288) (2.004~-2.423) 

1 141 211 7 13 32 797 277 2.146 
(130-165) (185-240) (5-9) (11-15) (25-41) (604-1.032) (200-379) (1.485-2.692) 

1 141 192 13 27 832 233 1.708 
(130-165) (165-225) (5-6) (11-18) (23-30) (724-1.021) (168-331) (1.589-1.857) 
TaBLE 2.—Errect or Various STEROIDS ADMINISTERED IN 

Dosagein Initial Final Pit.in Thyroid Adrenal Pancreas Thymus Testis 

mg./day body wt. body wt. mg. inmg. inmg. inmg. in mg. in g. 

10 143 201 6 16 28 624 279 2.440 
(130-150) (195-216) (5.2-6.4) (13-20) (22-32) (356-711) (182-441) (1.918-2.880) 

10 143 200 6.6 17.5 31.5 676 283 2.391 
(130-150) (190-210) (6.2-7.0) (16-19) (29-35) (571-840) (181-358) (2.275-2.565) 

10 143 183 6.1 16 29 564 236 2.341 
(130-150) (145-215) (5.1-7.0) (12-21) (27-33) (440-763), (180-381) (2.215-2.521) 

10 144 192 6.2 16.6 34.6 635 117 2.328 
(140-150) (185-200) (5.3-7.0) (13-22) (25-42) (540-770) (88-185) (2.201-2.570) 

10 143 196 6.8 17 33 644 250 2.324 
(130-150) (170-215) (6.4-7.2) (16-18) (30-36) (547-755) (181-358) (2.115-2.840) 

10 142 183 6 17 31 605 240 2.120 
(130-150) (160-202) (5.1-6.9) (15-20) (26-35) (435-814) (165-345) (1.505-2.495) 

10 143 189 6.2 15 33.5 623 249 2.114 
(135-150) (170-202) (4.9-7.5) (10-20) (28-34) (240-872) (168-308) (1.950-2.428) 

10 143 179 6.3 14 30 617 181 2.094 
(130-150) (145-197) (5.1-7.1) (11-18) (27-35) (480-810) (98-271) (1.890-2.391) 

10 143 5 15 33 638 76 2.090 
(180-150) (167-196) (4.7-5.4) (13-19) (31-35) (505-772) (36-121) (1.362-2.513) 

10 143 178 6.4 17 33 613 129 2.025 
(130-150) (140-190) (6.0-6.8) (15-20) (28-40) (394-801) (83-161) (1.508-2.293) 

10 143 175 5.9 16 31 612 283 2.019 
(135-150) (145-205) (5.4-6.4) (14-19) (29-35) (533-663) (158-485) (1.283-2.471) 

10 143 169 5.3 15 19 524 147 1.752 
(130-150) (160-175) (4.8-6.0) (12-20) (18-21) (401-729) (114-198) (1.220~2.167) 
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TABLE 1.—EFFrect or VARIOUS STEROIDS ADMINISTERED 


CoMPA 


Seming 
vesicle 
in mg 
177 
(118-2 
308 
169-47 
268 
230-37 
319 
53-4 
241 
137-3 
285 
192-4: 


‘4 
No. of 
334 
125-4 
247 
175-3. 
300 
171-4 
176 
63-26 
] 
281 
244-3 
386 
l 262-4 
465 
303-€ 
CoMP 
No. of 
in 
| 
0! 
155 
37: 
25. 
133 
4 117 
725-1 
250 
0 
29 
196 
152 
6 
112 
9 
ll 
10 
507 
ll 
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ISTERED INS. 7 
(COMPARATIVELY Low DosSAGES ON WEIGHTS OF VARIOUS ORGANS 
Test Seminal Ventral Middle Epidi- Preputial Coag. Cowper 
vesicles. prostate prostate  dymis gland gland = gland Heart 
in mg. in mg. in mg. in mg. inmg. inmg. inmg. Liver in g. Spleen ing. Kidney in g. in mg. 
ome oi 177 144 94 451 47 39 20 8.796 1.587 1.709 723 
(127-156) (85-101) (360-566) (36-62) (35-41) (18-24) (7.171-10.316) (1.215-2.075) (1.442-2.118) (600-890) 
008-3. 1s 4 208 156 124 492 57 60 26 10.310 1.546 1.805 761 
. a 169-478) (120-200) (87-176) (400-586) (38-85) (33-99) (17-32) (9.585-10.720) (0.964-1.977) (1.682-1.972) (670-978) 
997-2 79) 4 _ 288 152 103 449 63 56 26 10.054 1.670 1.668 766 
is 930-372) (114-212) (67-142) (352-581) (35-79) (46-81) (20-37) (8.496-11.242) (1.204-2.245) (1.485-1.860) (639-907) 
245 + 319 170 110 497 58 61 33 10.007 1.504 1.818 807 
fom 253-426) (136-196) (92-120) (428-558) (40-88) (39-74) (28-43) (8.068-12.298) (1.219-2.094) (1.442-2.185) (715-999) 
167 9 730 241 149 114 461 51 49 30 10.148 1.269 1.821 772 
(137-368) (88-190) (67-147) (305-596) (31-71) (24-73) (16-50) (7.351-12.043) (0.435-2.304) (1.352-2.146) (517-886) 
133-2. 730 285 149 108 495 58 55 29 9.583 1.440 1.815 768 
‘ in? 192-439) (107-203) (84-150) (353-608) (34-89) (41-77) (20-35) (8.150-11.244) (0.990-1.862) (1.569-2.020) (605-858) 
944-2 er 334 157 130 481 46 61 29 9.586 1.648 1.550 667 
apne 125-468) (80-200) (75-171) (345-590) (38-56) (28-88) (19-36) (7.702-11.300) (1.181-2.300) (1.273-1.824) (478-765) 
061-2. 10 247 153 113 428 61 49 25 9.973 1.285 1.679 714 
: - (75-338) (112-176) (80-150) (371-480) (38-79) (36-65) (18-29) (9.007-12.454) (0.924-1.803) (1.482-2.050) (654-846) 
035-2. 635 300 164 116 484 70 62 30 9.223 1.307 1.595 748 
(130-201) (82-165) (302-750) (48-107) (43-96) (20-42) (8.042-10.028) (0.781-1.605) (1.492-1.685) (628-866) 
080-2. 444 176 186 151 511 49 42 19 8.175 1.034 1.582 638 
fot ~'E (63-296) (134-253) (93-194) (402-598) (31-92) (22-76) (16-26) (7.006-8.670) (0.804-1.265) (1.528-1.610) (564-756) 
004-2. 493 281 167 123 501 61 58 33 9.535 1.308 1.573 697 
pip 244-330) (140-193) (107-130) (439-534) (57-72) (50-65) (27-39) (8.831-10.431) (0.900-1.617) (1.474-1.690) (522-887) 
485-2 a 386 190 145 466 79 76 43 11.312 1.748 1.876 776 
(262-478) (126-250) (123-170) (327-587) (43-92) (34-95) (30-54) (10.282-12.263) (1.226-2.134) (1.638-2.100) (672-848) 
580-1 957 462 211 168 401 65 90 34 9.693 1.340 1.642 718 
“""" F (303-634) (150-300) (139-188) (324-483) (36-94) (56-160) (29-51) (8.481-10.949) (1.042-1.930) (1.432-1.942) (566-938) 
STERED IMoMPARATIVELY HiGH DosaGES ON WEIGHTS OF VARIOUS ORGANS 
Testis Ventral Middle  Epidid- Prep. Coag. Cowper's 
ne ng Sem. ves. prostate prostate ymis glands glands glands Liver Spleen Kidney Heart 
: in mg. in mg. in mg. in mg. in mg. in mg. in mg. in g. in g. in g. in mg. 
2 
Fy say) | 305 197 143 570 70 69 30.5 7.213 1.298 1.564 879 
: pea 155-410) (113-272) (84-179) (366-720) (62-95) (36-85) (19-45) (6.630-7.840) (0.871-1.655) (1.368-1.775) (646-1100) 
975-2 565 375 229 180 541 107 80 49 7.366 1.206 1.524 855 
ayer 260-576) (175-298) (155-238) (430-655) (77-152) (53-131) (35-64) (6.374-9.071) (0.850-1.718) (1.365-1.734) (715-1070) 
915-2 591 253 192 122 514 103 57 34 6.558 1.272 1.331 831 
nye 133-361) (143-239) (111-132) (433-563) (80-135) (43-74) (31-37) (5.242-7.545) (0.580-1.780) (1.170-1.434) (738-934) 
201-2570 1179 380 298 563 158 207 73 6.185 0.910 1.511 798 
Nagle 725-1510) (272-465) (271-350) (430-671) (82-286) (150-245) (68-81) (5.789-6.490) (0.660-1.234) (1.350-1.714) (733-970) 
115-2. 840 306 189 158 535 82 54 33 6.527 1.764 1.378 825 
mye 250-342) (163-220) (114-211) (404-680) (70-98) (40-70) (29-49) (5.907-6.960) (1.129-2.450) (1.210-1.503) (777-910) 
505-2495 293 178 131 482 70 66 38 6.367 1. 1.290 731 
rape 196-341) (140-246) (111-144) (304-540) (52-90) (54-92) (29-45) (4.830-7.583) (0.830-1.769) (1.076-1.545) (637-871) 
950-2428 272 154 113 439 66 63 34 8.211 1.607 429 787 
ree 152-421) (83-210) (76-143) (342-479) (50-76) (28-120) (18-46) (7.265-9.998) (1.155-2.102) (1.318-1.535) (712-840) 
890-2.391 269 166 114 464 67 62 36 6.439 1.394 .360 717 
2 090 112-447) (94-223) (74-157) (343-600) (43-89) (34-98) (22-50) (4.898-7.280) (0.790-2.231) (1.261-1.445) (620-845) 
362-2.513 1188 414 320 604 103 195 69 5.729 1.099 1.381 696 
payin 05-1424) (330-515) (214-420) (432-745) (65-129) (142-244) (61-86) (4.760-6.259) (0.917-1.324) (1.140-1.645) (514-912) 
508-2.298 768 339 281 556 150 138 67 7.603 1.141 1.488 805 
pap 507-976) (298-414) (236-320) (494-695) (75-206) (68-175) (54-76) (6.110-8.690) (0.685-1.498) (1.215-1.831) (670-925) 
983-9 471) _ 185 "175 122 439 65 46 32 6.803 1.333 1.312 795 
1.752 70-525) (122-310) (85-168) (345-608) (45-85) (25-90) (24-55) (5.896-7.640) (1.035-1.850) (1.213-1.412) (621-953) 
290-2. 167 74 96 67 366 48 20 20 6.721 1.517 1.466 693 
(46-96) (61-128) (49-82) (251-516) (34-64) (12-27) (14-27) (6.433-7.066) (0.704-2.201) (1.329-1.596) (596-775) 
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It will be noted that in the table the compounds are arranged 
according to decreasing average testis weight. The most striking 
fact which emerges from a perusal of the table is that in these 
comparatively low doses only testosterone, and to a lesser degree 
methyl testosterone, cause a pronounced decrease in testis weight. 
The seminal vesicles, on the other hand, are most markedly stimu- 
lated by these 2 compounds. 

A second series of experiments is summarized in Table 2. It was 
performed in exactly the same manner as the first series except that 
the steroids were administered in bi-daily doses of 5 mg., each dose 
being given as a suspension in 0.1 cc. of peanut oil. 

It will be noted that in Table 2 the steroids are also enumerated 
according to decreasing testis size, but at this high dose level desoxy- 
corticosterone acetate is most active in causing testis atrophy. This 
we believe is due to the fact that this steroid—unlike testos- 
terone—is entirely devoid of any direct spermatogenic action. Thus 
its ability to produce gonad atrophy, by inhibiting hypophyseal 
incretion, becomes more and more evident as the dose increases. 
By comparing the average weights of the testes in the various 
treated groups with the non-injected controls (Group 4 in Table 1) 
it will be noted that none of these compounds succeeded in enlarging 
the testes above their normal weight. However, it may be said in 
confirmation of our earlier findings, quoted above, that high doses 
of testosterone do not cause such marked testis involution as may 
be obtained by comparatively small doses. It will also be observed 
that the seminal vesicles are most markedly stimulated by testos- 
terone and methyl testosterone, then follows dehydro-tso-andros- 
terone. This is in agreement with the results of similarly conducted 
experiments in castrate rats. On the other hand, desoxycorti- 
costerone caused very pronounced involution of all the male acces- 
sory sex organs. It will be noted that in the case of most other 
steroids the average size of the seminal vesicles, though rather 
variable, is not very different from that of the not injected controls. 
This is probably due to the fact that in most cases the decrease in 
endogenous testis hormone production, which results from the Ley- 
dig cell atrophy produced, is approximately compensated for by the 
testoid action of the compounds in question. 

The thymus underwent particularly pronounced atrophy follow- 
ing treatment with the 3 most active testoid compounds (Cpds. 4, 
9, 10) as well as following injection with desoxycorticosterone 
acetate. It will be noted that the other steroids did not cause any 
significant loss in thymus weight in this experimental series of 
comparatively short duration. It should be emphasized, however, 
that in the case of more chronic treatment all hormonally active 
steroids so far examined cause some thymus involution.? The com- 
parative irresponsiveness of the thymus in such short-term experi- 
ments is especially noteworthy as it represents a good example of 
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the difference in the speed with which the steroids induce changes 
in different organs. The sex organs and the adrenals (the latter 
undergo involution under the influence of corticoids and enlarge- 
ment after treatment with folliculoids) respond very quickly, while 
the thymus is more sluggish and the other organs mentioned in our 
tables show almost no change within 2 weeks although numerous 
experiments performed in this as well as in other laboratories’ 
show that after 3 or 4 weeks of treatment even much smaller doses 
of testoids cause enlargement of the kidney, spleen, heart, liver and 
pancreas as well as an increase in total body weight. 

Histologic examination of the testes of all animals in both the 
above-mentioned experimental series revealed that, irrespective of 
the specific types of their main activity, all hormonally active com- 
pounds used in these experiments caused some degree of Leydig 
cell involution. This was particularly pronounced in the 10 mg. per 
day series and was roughly proportional to the dose used. The 
average degree of atrophy in each group is indicated in Table 3 by 
a scale in which “0” indicates the normal condition and “‘++-+-+” 
the maximum degree of Leydig cell atrophy. In this table the com- 
pounds are enumerated according to increasing Leydig cell size. 

Testosterone and methyl testosterone proved to be by far the 
most active compounds in this series as far as production of Leydig 
cell atrophy is concerned. It must be kept in mind, however, that 
the folliculod estrane derivatives (not represented in this experi- 
ment) are even more potent in this respect. All other hormonally 
active steroids were likewise endowed with varying degrees of the 
anti-Leydig cell effect, while the two groups receiving hormonally 
inactive steroids (cholesterol and pregnanedione) possessed Leydig 
cells identical with those of the not injected controls. This clearly 
indicates that the daily handling of the animals and the injection of 
oily solutions of steroid compounds, as practiced in these experi- 
ments, does not suffice to damage the Leydig cells. The obser- 
vations confirm the generalization previously made on the basis of 
a smaller group of steroid compounds’ namely that all hormonally 
active steroids exhibit folliculoid actions. 

It will be recalled that some pharmacologic properties of follic- 
uloid estrane derivatives are inhibited by simultaneous treatment 
with steroids belonging to other pharmacologic groups. Thus the 
vaginal cornification, the involution of the seminal epithelium and 
the enlargement of the adrenal cortex caused by estradiol may all 
be inhibited by simultaneous administration of such compounds as 
progesterone or testosterone. Desoxycorticosterone inhibits the 
vaginal cornification and the adrenal enlargement but not the in- 
volution of the testicular tubrles. Other pharmacologic actions of 
the estranes are not inhibitable by simultaneous treatment with 
steroids belonging to different pharmacologic groups. The anti- 
Leydig cell effect, the anti-castration cell effect, as well as the pro- 
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duction of thymus atrophy belong to this category of the “‘non- 
inhibitable” folliculoid actions. It is evident that even if the above- 
mentioned theory is correct and all hormonally active steroids are 
endowed with a certain degree of folliculoid potency, those follic- 
uloid effects which are inhibited by other steroid hormones will not 
necessarily be manifest in every compound since other hormonal 
actions of the same steroid molecule may mask these inhibitable 
folliculoid effects. The production of Leydig cell atrophy, on the 
other hand, which is a non-inhibitable effect, should be demonstrable 
according to the theory in the case of every hormonally . active 
steroid irrespective of the specific nature of its other hormonal 
actions. The present experimental series clearly proves this to be 
the case. It also proves that although the 2 most active testoids 
were most potent among the compounds examined with regard to 
their ability to produce Leydig cell involution, this action is not 
a function of their testoid potency since desoxycorticosterone, 
which possesses no testoid effect is more active than androstenediol 
although the latter is definitely testoid. Considering that in the case 
of folliculoids (estradiol, estrone, estriol) a few gamma per day 
suffice to cause Leydig cell involution, it appears justified to regard 
this effect as subordinate to the folliculoid action. It will be noted 
that since the anti-Leydig cell effect is non-inhibitable it serves as a 
valuable aid for the estimation of the degree of folliculoid potency 
in testoid, luteoid, corticoid and spermatogenic steroids in which 
most other folliculoid actions are usually masked. 

Until recently the folliculoid potency of a compound was usually 
estimated by a determination of the minimum dose capable of pro- 
ducing vaginal cornification in the spayed rodent. However, since 
this effect is inhibited by the other hormonal actions of many 
steroids, it is no indication of true folliculoid potency. Using the 
anti-Leydig cell effect as a gauge of the true folliculoid power of 
steroids, our compounds should appear in Table 3 in decreasing 
order of this activity. The ability of steroids to prevent the develop- 
ment of castration cells in the pituitary of gonadectomized male or 
female rats, and their ability to cause thymus involution are also 
good indicators of folliculoid potency since they are also non- 
inhibitable by other steroid hormone actions. It is gratifying to 
note that if the above-mentioned steroids are arranged according to 
decreasing activity in the latter two tests, the order is approxi- 
mately the same as that given in Table 3.? 

The testis atrophy caused by comparatively small doses of 
testosterone proved to result from the degeneration of the sperma- 
togenic cells. This effect is not due to the “male hormone” activity 
of the compound since most other testoid substances are practically 
free of this action at any dose level, while estradiol and desoxycorti- 
costerone acetate are very active in this respect although they are 
not testoid. 
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TaBLe 3.—Lerypic CELL ATropHY CAUSED BY VARIOUS STEROIDS 


Dosage 
1 mg. 10 mg. 

per day per day 
Dehydro-iso-androsterone + +++ 
Ethinyl testosterone + + 
Pregnenolone 0 ++ 
Androsterone + not tested 
Androstenediol “aS + + 
Desoxycorticosterone acetate + + 
Acetoxy pregnenolone trace trace 
Pregnanedione 0 0 
Cholesterol 0 0 
Not injected . 0 0 


Summary. The effects on organ structure of various synthetic 
steroids have been studied in intact male rats. 

The most important result obtained from these investigations 
was the finding that all hormonally active steroids cause involution 
of the Leydig cells in the testis. This is true of compounds whose 
predominant hormonal action is folliculoid (estradiol), testoid 
(testosterone, methyl testosterone), luteoid (Progesterone), co. ticoid 
(desoxycorticosterone acetate) or spermatogenic (pregnenolone). 
Generally speaking, the activity decreases in the order in which 
the compounds are mentioned here. It is noteworthy, however, 
that when calculated per milligram of substance the folliculoids are 
very much more active in this respect than hormones belonging to 
any other group. This observation adds further support to the 
theory that actions exhibited to a particularly marked degree by 
folliculoids, are demonstrable—at least in traces—in all hormonally 
active steroids. That is to say a certain amount of folliculoid (or 
“‘estrogenic’”’) potency is a characteristic and an inherent property 
of all steroid hormones. 

It is almost certain that the Leydig cell involution is not a direct 
effect of these steroids but secondary to their power to inhibit 
pituitary gonadotropic hormone secretion. Yet this indirect action 
is an especially valuable indicator of folliculoid potency because it 
belongs to those few pharmacologic properties of the folliculoids 
which are not inhibitable by simultaneous treatment with steroids 
belonging to other hormonal groups. Hence no matter what the 
main activity of a steroid may be, it is not likely to interfere with 
this particular folliculoid effect. Thus in the present experimental 
series the Leydig cell atrophy produced by various steroids was 
used for the estimation of their folliculoid potency. 

The tubular damage elicited by comparatively small doses of 
testosterone is not due to the testoid (or androgenic) effect of this 
compound, since most other testoids fail to cause testis involution 
at any dose level. 


884  SELYE, ALBERT: EFFECT OF STEROIDS IN MALE RATS 


The action of the steroids on the structural appearance of 
numerous other organs has also been tabulated. 


The expenses of this investigation were defrayed by the Blanche E. Hutchinson 
Fund of McGill University. The authors are especially indebted to Dr. E. Schwenk 
of the Schering Corporation of Bloomfield, N. J., for supplying most of the steroids 
used in this work. The androsterone was kindly supplied by the Ciba Pharmaceu- 
tical Products, Inc., Summit, N. J. 
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BOOK REVIEWS AND NOTICES 


NEUROANATOMY. By Frep A. Mertrier, A.M., M.D., Px.D., Professor 
of Anatomy, University of Georgia School of Medicine, Augusta, Ga. 
Pp. 476; 337 figures, 30 in color. St. Louis: The C. V. Mosby Com- 
pany, 1942. Price, $7.50. 


TuIs newest text on neuroanatomy gives a fresh treatment of the subject. 
Part I treats the gross aspect of the neural system in 179 pages and 121 
figures. Part II treats the microscopic aspect in 197 pages and 216 figures 
and is exceptionally well done. Mettler does not burden the text by 
quoting his authorities, although there are places where it would be desir- 
able to know his source. A selected bibliography is given for certain sec- 
tions. Most of the illustrations are original, others are redrawn and re- 
labeled to conform to the text. This book will prove a valuable addition 
to the teaching texts and should be very useful as a reference book for 
the neuropathologists and for the physician with a special interest in the 
nervous system. W. A. 


Castor OIL AND QUININE: ONcE A Doctor, ALways a Doctor. By 
GEoRGE Wonson VANDEGRIFT, M.D. Pp. 252. New York: E. P. 
Dutton & Co., Inc., 1942. Price, $3.00. 


In arresting contrast to the usual protective statement, the dedication of 
this book reads: “Every character in this book is real. If there is any 
similarity to fiction it is purely coincidental.” This, then, is the key to the 
amusing biography of the ‘‘Corner Doctor,” as he was known most of his 
life (his home and office being on the corner). 

Although the book has widespread appeal for laymen and professional 
men alike because of its easy readability, those primarily interested in his- 
toric progress, particularly in the prodigious changes in early New York 
City, will find this of especial interest. The medical profession per se has 
an appeal all its own through its intimate linkage with human lives. Many 
books have come upon the market in the last few years concerned with the 
lives of the practising physician. In this day of specialization and sterile 
institutionalism, the books seem to assuage a hunger of those who lose 
touch with a patient because of “necessary paper work (case histories, 
laboratory reports, file records).’’ Such books, perhaps, have even wider 
appeal to the lay public, for their bewilderment at being a specimen instead 
of a human being is often more intense. 

At any rate, this book falls worthily into the class of popular appeal. It 
is amusing and relaxing for an evening’s entertainment. “Warm with 
humanity, humor and vitality, Dr. Vandegrift’s biography of his father 
adds another strong, appealing picture to the growing gallery of American 
Fathers who have come back in recent years to amuse us, to entertain us, 
and to remind us of our rich heritage.” . F. 


BroLocicaL Symposia. Vou. VIII. Levets or INTEGRATION IN BIOLOGI- 
CAL AND Soctat Systems. Edited by Ropert RepFiep, Professor of 
Anthropology; Dean of the Division of Social Sciences, University of 
Chicago. Pp. 240; 4 figures. Lancaster, Pa.: Jacques Cattell Press, 
1942. Price, $2.50. 


Tue 12 papers of this symposium represent the material from one of the 
conferences held to celebrate the 50th anniversary of the University of 
Chicago. They constitute a logical sequence of studies progressing from 
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the lowliest unicellular organisms to the complexities of modern society, 
studies mostly presented by Chicago scientists. Such titles as “The 
Transition From the Unicellular to the Multicellular Individual” (L. H. 
Hyman), “The Transition From the Individual to the Social Level”’ 
(H. 8. Jennings); “Basic C: raparisons of Human and Insect Societies” 
(A. E. Emerson), “Societies of Monkeys and Apes” (C. R. Carpenter) ; 
“The Societies of Primitive Man” (A. L. Kroeber) indicate the range of 
subject matter and authors. While some parts will obviously appeal to 
biologists, others to anthropologists, and others to sociologists, the value of 
such present-status books, like those of the Harvard Tercentenary and the 
Pennsylvania Bicentenary celebrations, is self-evident. 

It will be recalled that the previous volumes of this series of Biological 
Symposia were on The Cell; Species; Muscle; Biochemistry; and miscella- 
neous topics such as Temperature; Visual Mechanisms, etc. — 


ORNITHOLOGISTS OF THE UNITED States ARMy MepicaL Corps. By 
EpGark ERsKINE Hume, Cot., M.C., U.S.A. Pp. 583; 109 illustrations. 
Baltimore: The Johns Hopkins Press, 1942. Price, $5.00. 


Tuis interesting volume brings together for the first time the contribu- 
tions to ornithology of workers of the United States Army Medical Corps. 
To some it will come as a surprise that army surgeons should have played 
a part in the development of American ornithology. That they did largely 
depended upon the inspiration of Prof. Spencer Fullerton Baird of the 
Smithsonian Institute. Through his efforts Army surgeons sent into the 
undeveloped West were chosen with a view to their capacity to act as 
scientists, in addition to the performance of their routine duties. The 
greater part of the book is devoted to the 19th century, when advance in 
ornithology was rapid. A list of ornithologists in the Army Medical Corps 
after the World War is appended. 

The book is well organized, satisfactorily illustrated and filled with 
entertaining anecdotes concerning such famous ornithologists as Cassin, 
Heermann, Coues, Cooper and Means—names familiar to all present-day 
ornithologists. Many lesser lights are also treated in the 36 biographies 
that are included. The book is of value as a group of biographic sketches, 
rather for those interested in the history of the American Sciences than for 
contemporary ornithologists or army surgeons. It gives the less specialized 
reader a fascinating picture of a little known part in the cultural and 
scientific growth of the United States. D. C. 


EDINBURGH PosT-GRADUATE LECTURES IN MeEpicINE. VoL. II, 1940-41. 
Thirty-three contributors. Pp. 540; several figures. Edinburgh and 
London: Published for Honyman Gillespie Trust by Oliver & Boyd, 
1942. Price, 12/6 net. 

TuHE 33 lectures presented in this volume perform a variety of functions. 
They afford an up-to-date review of some of the intellectual background of 
medicine which has frequently grown dim in the memory of the practi- 
tioner. Lectures in which this cultural influence dominates includes: 
Contributions of Genetics to Medicine; The Basis of Temperament; The 
Significance of Fear; Inspection; Physiological Approach to Medical 
Problems. 

The majority of the lectures present the practical aspects of selected 
topics. At least 17 of them deal with problems relating to surgery or to 
war medicine, fields in which British medical opinion is weleome. The writers 
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are authorities in their respective subjects and know how to use the English 
language. 

The book will not replace textbooks and scientific articles. Incidentally, 
it raises the question of the relative value of collected lectures vs. lectures 
scattered in the medical journals. It will review technical knowledge and 
add to the perspective of medicine as postgraduate education should. 
Finally, the most valuable service of this volume will be to provide a few 
very pleasant evenings for the progressive physician. 


PLastic SURGERY OF THE Breast AND ABDOMINAL WALL. By Max 
TuHorek, M.D., LL.D., F.I.C.S., F.1.C.A., K.L.H. (France); K.C.L., 
C.O. St. Alex., Medal of Hon. Rep. of Venezuela; Professor of Surgery, 
Cook County Graduate School of Medicine; Attending Surgeon, Cook 
County Hospital; Surgeon-in-Chief, American Hospital of Chicago; 
Fellow (Honoris Causa), Surgical Society, Sofia, Bulgaria; Corr. Academi- 
cian, Mexican Academy of Surgery; Fellow, National Gastroenterological 
Society; Corresponding Member, Société de Chirurgiens de Paris; Royal 
Academy of Medicine, Torino, Italy; Surgical Society, Madrid, Spain; 
Sociedade das Sciencias Medicas de Lisboa, Portugal; Fellow, National 
Academy of Medicine, Columbia, South America; Honorary Fellow, 
Peruvian Academy of Surgery; Honorary Fellow, Egyptian Medical 
Association, Cairo, Egypt. With an Introduction by Rupotr Nissen, 
M.D., F.1.C.S., and a Foreword by J. EASTMAN SHEEHAN, M.D., F.A.CS. 


Pp. 446; 458 illustrations. Springfield, Ill.: Charles C Thomas, 1942. 
Price, $16.50. 


Tuts volume represents an exhaustive presentation of the standardized 
procedures on plastic surgery of breast abnormalities and reconstructive 
surgery of the abdominal wall augmented by the author’s researches and 
original technique. Instructive chapters on the anatomy, physiology, 
pathology, embryology and racial characteristics of the breast supplement 
the surgical considerations. The well-trained general surgeon desiring to 
add this special field to his activities, as well as the specialist wishing to 
possess a complete reference volume dedicated to this subject exclusively, 
will find this book worthwhile. The surgeon is enabled to acquaint himself 
with the various technical details demanded by the particular case in point. 
The outline of surgical technique is meticulous and yet not elementary. 
The profusion of excellent illustrations greatly enhances the understanding 
of the text. The chapters devoted to the problem of breast hypertrophy are 
particularly valuable. Chapters on other correlated subjects such as scar 
and keloid formation, plastic operations following surgical removal of the 
breasts and diseases of the nipples are also included. 


PULMONARY TUBERCULOSIS AND ITs TREATMENT. By Hans Jaconp 
Usrvept, M.D., First Assistant Physician to the State Hospital, Oslo, 
translated by A. L. Jacops, M.R.C.P. Pp. 252; 45 figures, 11 graphs, 
2 tables. London: John Bale & Staples, Ltd., 1942. Price, 25/- 
Tuts book is divided into 5 chapters. The 3 chapters dealing with 

tuberculous infection, with phthisis and with the treatment of clinical 

pulmonary tuberculosis are relatively long and detailed. The chapter on 
miliary tuberculosis is short for obvious reasons and the final chapter on 
prophylaxis is very brief. 

Scandinavian investigators have made many noteworthy contributions 
in the tuberculosis field. Due to distance and to language difficulties, their 
work is not as well known to the American phthisiologist as it deserves to be. 
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Apart from the actual medical value of this book, the presentation in a 
compact form of the results of reported papers that were published in 
Norwegian, German and French as well as in English, making available 
the work and theories of leading Scandinavian tuberculosis specialists, is a 
worthwhile contribution to English medical literature. It must be pointed 
out that both the theories and the findings reported by Dr. Ustvedt are 
frequently at variance with commonly accepted theories and investigative 
results of tuberculosis workers in the United States. The incidence of 
erythema nodosum, the remarkably high incidence of clinical tuberculosis 
immediately following first infection, and disbelief in the importance of re- 
infection (or superinfection) may be cited in this regard. Accordingly, this 
book cannot be recommended for the beginning student of tuberculosis in 
the United States but it should be in the hands of every advanced “eg 
of this disease. H. 


INTRODUCTION TO ParRasiToLocy. By A. 8S. Pearse, Professor of Zodlogy, 
Duke University. Pp. 357; 448 figs. Springfield, Ill.: Charles C Thomas, 
1942. Price, $3.75 
As a phase of natural history, adaptations to the parasitic habit are 

interesting reactions of organisms to their environment, and undoubtedly 

study of such reactions should form part of training in Biology. 

But one wonders that it should be necessary to place so much emphasis 
on organisms that are parasitic in man in such courses, and one is surprised 
that independent courses in parasitology should have become so common in 
college curricula. Is this the result of student demand, of efforts to pre- 
pare students for jobs in public health laboratories, or simply an easy 
way for zodlogy departments to provide interesting material? Why not, 
then offer bacteriology or histology and omit altogether any consideration 
of the life histories and interrelationships of the animals and plants which 
make up our environment? These remarks are not offered in criticism of 
Professor Pearse’s book, which is indeed an excellent introduction and guide 
to the study of animal parasites. It is to be regretted, however, that the 
author considered emphasis of parasites of man necessary or that treatment 
be described. For there he is incomplete and sometimes inaccurate. The 
book cannot be recommended as an aid to physicians or medical students; 
but, they too will find in it much that will interest, as it includes a much 
wider field than parasitic organisms of men. H. R. 


PuysicAL CHEMISTRY FOR STUDENTS OF BIOCHEMISTRY AND MEDICINE. 
By Epwarp 8. West, Px.D., Professor of Biochemistry and Medicine 
in the University of Oregon Medical School. Pp. 368; 32 tables, many 
figures. New York: The Macmillan Company, 1942. Price, $5.75. 
Tuts textbook, as the title implies, is planned entirely for students of 

Medicine and Biology. Not only has the general subject matter been 

chosen with this in view but examples of the various theories discussed 

have been selected from the field of biology. Since it is a text intended for 

a special group of students, many of the subjects usually covered in a text- 

book of Physical Chemistry have been omitted. The subject matter is 

discussed under the following chapter headings: Introduction, The Struc- 
ture of Matter and Some Fundamental Chemical Principles, Gases and 

Solutions, Osmotic Pressure, Electrolytic Dissociation and the Mass Law, 

Acids, Bases, and Buffers, The Determination of pH, The Colloidal State 

and Membrane Phenomena, Oxidation and Reduction, The Velocity of 
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Reactions. At the end of each chapter is a set of questions and a brief 
list of references. 

The author has succeeded in presenting a subject, which is frequently 
difficult for students of Medicine, in an exceedingly clear manner but in 
so doing, there has been no attempt to avoid the more difficult topics. 
Considerable space is devoted to the modern viewpoints on atomic struc- 
ture, valence, radioactive and isotopic elements, acids and bases, iso- 
electric points of proteins, etc. 

Although probably being more physics than chemistry a chapter on pho- 
tometry and the fundamentals underlying the use of the photoelectric 
colorimeter and spectrophotometer could have been included in the opinion 
of the Reviewer. This suggestion is made because these instruments and 
methods are being so widely and commonly used in biological and clinical 
chemistry. 

This book should be ideal as a text in a short course given to pre-medical 
and other students not primarily chemists. It should also find use as a 
supplementary text in courses in biologic chemistry. For these purposes 
it is highly recommended. 


Recent ApvVANCES IN Mepicing. By G. E. Beaumont, M.A., D.M. 
(Oxon), F.R.C.P., D.P.H. (Lonpb.), Physician to the Middlesex Hospital; 
Physician to the Hospital for Consumption and Diseases of the Chest, 
Brompton; Lecturer in Medicine, Middlesex Hospital Medical School; 
Sometime Radcliffe Traveling Fellow, University of Oxford; and E. C. 
Dopps, M.V.O., D.Sc., Pa.D., M.D., F.R.C.P., F.LC., F.R.S.E., Cour- 
tauld Professor of Biochemistry in the University of London; Director of 
Courtauld Institute of Biochemistry, Middlesex Hospital; Pathologist 
to the Royal National Orthopeedic Hospital. Tenth Edition. Pp. 
440; 45 illustrations. Philadelphia: The Blakiston Company, 1941. 
Price, $5.00. 

Like other ‘Recent Advances,” the contents of this book belie the title 
in, perhaps necessarily, including much that could not be called recent. 
For instance, the article in cardiac arrhythmias begins with Potain and 
McKenzie and gives a classical description, with illustrations, of the various 
arrhythmias. Comparison with the ninth edition shows that the authors 
have not been idle. “The most important changes are as follows: The 
description and clinical applications of the sulphanilamide drugs have been 
brought up to date in Chapter I and an article on sulphathiazole included. 
In Chapter II the vitamin B section has been largely rewritten. The 
descriptions of vitamins E and K have been amplified and a new article 
written on vitamin P. The use of concentrated blood serum as a diuretic 
is described in Chapter III. The methods of treatment of diabetes mellitus 
have been amended in Chapter IV and fuller details given of the pre- and 
postoperative care of the patient suffering from this disease. A note has 
been included on lipocaic. The article on gastroscopy in Chapter VI has 
been expanded and brought up to date. Chapter VII is a new chapter 
dealing with the treatment of Addison’s disease. Notes have been added 
to Chapter X on stilbcestrol and hexcestrol. New articles have been 
written in Chapter XII on electro-encephalography and the use of sodium 
diphenyl-hydantionate in the treatment of epilepsy. Additions to Chap- 
ter XIV include descriptions of sternal puncture, heparin and plasma 
transfusion. The subject of the macrocytic anemias has also been brought 
up to date. The method of the estimation of plasma prothrombin has been 
included in Chapter XV and certain methods which are less frequently 
employed have been omitted.”’ The chapter on Basal Metabolism has been 
omitted. E. K. 
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A CurricuLumM FoR ScHoot or Mepicat By IsRAEL 
Davipsoun, M.D., Director of Laboratories and Pathologist, Mount 
Sinai Hospital, Chicago; and Assistant Professor of Pathology, College 
of Medicine of the University of Illinois. Second Edition, revised. Pp. 
47. Recommended by the Board of Registry of the American Society 
of Clinical Pathologists, 1942. Ball Memorial Hospital, Muncie, Ind. 
STANDARDIZATION is an important need in the efficient training of medical 

technologists. This outline, as an excellent guide for schools of medical 

technology would greatly aid in this standardization. 

The use of this curriculum in all schools should minimize the inadequacies 
of present methods and result in making technology a professional training 
rather than a haphazard apprenticeship which it has been in many schools 
of medical technology. Pathologists and technologists alike would find 
training in one of these schools more adaptable to their varied needs. The 
listed references are a thorough guide to procedures and are convenient for 
trained technicians as well as students. I. B. 


NEURAL MECHANISMS IN POLIOMYELITIS. By Howarp A. Hows, M.D., 
Associate in Anatomy, The Johns Hopkins University, Baltimore, Md., 
and Davin Bopran, Pu.D., M.D., Assistant Professor of Anatomy, 
Western Reserve University, Cleveland, Ohio. Pp. 234; 58 illustrations. 
New York: The Commonwealth Fund, 1942. Price, $3.50. 


Tue studies on poliomyelitis herein collected have gained a wide reputa- 
tion as being among the most important of the contemporary experimental 
attacks upon the disease. A reading of this book makes it obvious that the 
distinction rests firmly on the fact that the experiments have been planned 
out of a broad consideration of the disease, as it affects the individual, and 
as it is spread from one individual to another. 

As a result of their comprehensive observations, the authors are now able 
to trace the main aspects of the host-virus relationships in monkeys and the 
higher apes. In the higher apes when the virus has been placed on the 
mucosa of the oro-pharynx or gut, it spreads up the nerves which supply the 
region, either sensory or motor, to reach the central nervous system. By 
critical experiments they show that the virus travels up the axonal tissue, 
rather than the nerve lymphatics, at a rate of 2to 3mm. perhour. Having 
reached the central nervous system, either the brain or spinal cord, the 
virus again follows along neuronal pathways, showing an apparent prefer- 
ence for the short-chain tracts. There is some reason to believe that the 
virus can multiply at the neuronal junctions. 

The further spread within the central nervous system depends in part 
upon the local concentration of virus entering an area by way of converging 
infected neurones, and in part upon the inherent susceptibility of the neu- 
rones. Some of the nerve cells of the central nervous system are relatively 
immune to the virus. 

Apart from these native differences in susceptibility a change may be 
brought about by other factors. Previous infection renders the cell immune, 
but the immunity to subsequent infection apparently applies only to the 
same strain of virus and not to other strains. In the case of the peripheral 
axone, changes induced by repeated section or freezing of the nerves prevents 
the transmission of virus _up the axone. 

Since the spreading virus leaves a trail behind it, and since that trail 
differs, especially in the early stages, depending upon the route of inocula- 
tion, the location of lesions within the central nervous system may reveal 
the route by which the virus entered the nervous system. Observations of 
this kind on human material have great importance for a solution of the 
problem of how the virus reaches the centers. 
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It has long been held that poliomyelitis travels up the olfactory nerves 
into the brain. This view, the authors show, is too narrow, and in the 
human case, may be incorrect. Their human material indicated clearly a 
spread from non-nasal pathways, either from the oro-pharynx or the gut. 
These observations, coupled with the recent findings of virus in sewage and 
feces, suggest that in man, poliomyelitis is primarily a gastro-intestinal 
disease, a view once held, but rejected by the experimental finding in the 
rhesus monkey that spread occurred from the nasal mucosa up the olfactory 
bulbs. How the virus lives in the gut and its wall is still unsettled. 

Quite obviously the conclusion based on the distribution of the lesions, 
that the human is infected via the gut is of major importance, and this 
demonstration is one of the chief contributions of this work. 


Rep Cross Home Nursing. By Lona L. Trort, R.N., B.S., Assistant 
Director, Health Education, Red Cross Nursing Service. Pp. 430; many 
figures and illustrations. Philadelphia: The Blakiston Company, 1942. 


Formerly, American Red Cross Textbook, Home Hygiene and Care of 
the Sick. Price, $.75. 


THE Red Cross Home Nursing Book recognizes the mental and emotional 
sides of man’s life in keeping him happy to the extent of stressing common 
sense values and modes of living. 

Unit I is devoted to ‘Health and Happiness in the Home”’ with the basic 
concept of sound emotional health. 

Unit II—‘“‘ How the Community Protects the Health of the Home and 
Family,” stresses the concept of man’s sociability, 7. e., inasmuch as he is 
a gregarious type, certain rules and regulations must be followed for the 
good of the whole. Thus the part played by the County Board of Health, 
National organizations and their many branches is discussed. It raises 
the subtle feeling as to whether or not your community has access to all it 
might (and inquisitiveness in the right direction is a healthful sign in our 
democracy). 

Unit I1I—‘‘ How to Take Care of Mother and Baby,” is an excellent 
section. Language is clear and simple; and careful, adequate instructions 
are given. The book at this point is beginning to stress more fully the 
physical side of man’s life. 

Unit IV—‘“ What to do when Sickness Invades the Home,” is the section 
the reader has been waiting for from the title of the book. Here again, 
common sense and a calm emotional outlook are the factors most stressed. 
Simple yet effective methods of care and treatment are given—still in the 
clear, concise and simple language that is an outstanding feature of the 
book. Simple diagrams and constructive pictures add to easy readability 
and interest, and help in illustrating certain points to be stressed. 


E. F. 


Tue Mepicat Cunics or Norra America (Vol. 26, No. 5, Boston Num- 
ber). September 1942. Pp. 306; many illustrations. Philadelphia: 
W. B. Saunders Company, 1942. Price, year, $6.00 


Tuis issue is a symposium on specific methods of treatment and lists 
among its contents articles on the present status of sulfonamide therapy, 
vitamins, the treatment of common forms of heart disease, hypertension, 
asthma, sinusitis, low back pain and the lumbosacral joint, the infectious 
arthritides, poliomyelitis, anemia and peripheral vascular diseases. Also 
to be found are pertinent articles on common laboratory aids to diagnosis 
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and treatment, principles of refraction, tropical medicine in the United 
States today and psychiatry’s réle in the prevention of neurosis. 

The use of the sulfonamides engages a large and important portion of the 
contents and is presented with dosage, blood concentration and evidences of 
toxicity. It is questionable as to whether or not the use of the sulfonamides 
is indicated throughout the entire course of an attack of scarlet fever in 
view of the extremely mild character of this disease at the present time 
In the treatment of cardiac asthma, the author states that ouabain may be 
given provided that no drug of the digitalis series has been used for at least 
two weeks prior to the attack. This seems overly cautious. This Reviewer 
feels that it should depend upon the amount previously administered. The 
account on tropical medicine shows the striking inadequacies of our knowl- 
edge in this field, a state of affairs which currently is being remedied in our 
medical schools. The article on peripheral vascular diseases is outstanding. 

This issue of the Medical Clinics of North America is timely, well written 
and contains an extensive bibliography. It is worthy of the high standards 
of previous articles emanating from this center. L. 8. 


Bioop Groupine Tecunic. By Frirz Scuirr, M.D., Late Chief of the 
Department of Bacteriology, Beth Israel Hospital, New York, and 
Witu1aM C. Boyp, Px.D., Associate Professor of Biochemistry, Boston © 
University. Pp. 248; 112 illustrations. New York: Interscience Pub- 
lishers, Inc., 1942. Price, $5.00. 


Tuts book furnishes an unusually complete, often unnecessarily detailed, 
account of all subjects related to the human blood groups. The subdivisions 
of the text include a discussion of such factors as M, N, P and Rh, the use 
of these factors in disputed paternity, the study of blood stains and other 
secretions and a consideration of the part which the blood groups play in 


anthropology. The text is well illustrated with charts and graphs. 
W. 


NEW BOOKS 


Medical Parasitology. By James T. CuLpertson, Assistant Professor of 
Bacteriology, College of Physicians and Surgeons, Columbia University. 
Pp. 301; 19 plates. New York: Columbia University Press, Morning- 
side Heights, 1942. Price, $4.25. 


The subject matter of this book is divided into two main sections: (1) General 
Considerations, of 69 pages, in which are discussed infection, epidemiology, 
natural resistance and acquired immunity, diagnosis, specific therapy and pro- 
phylaxis; and (2) Infection caused by animal parasites. An appendix of technical 
methods, a list of ‘‘books for reference’? and an index are included. Within 
certain limits this text is a reasonably adequate review of the field, but there is 
abundant evidence of hurried preparation. Many statements are indefinite, 
many sections are incomplete, and this is due not so much to limited space as to 
failure to condense material and to be concise. The book cannot be —— 


Formulary and Handbook. Johns Hopkins Hospital. Pp. 253; many tables. 
Baltimore, Md.: John D. Lucas Company, 1942. Price, $2.00. 


This is a remarkably useful booklet. It includes a practically complete list of 
essential drugs and biological preparations needed in the practice of medicine with 
a brief discussion of the composition, therapeutic indications and dosage of each. 
Additional interest is provided by the inclusion of a large number of the formule 
used in the Johns Hopkins Hospital. The material is made easily accessible not 
only by an excellent index but by classification according to field of usefulness, 
such as skin, eye, hematopoietic system, etc. The book is highly recommended to 
all who are not already letter-perfect in their knowledge of therapeutic A 
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Blood Substitutes and Blood Transfusion. Edited by Stuart Mupp, M.A., 
M.D., Professor of Bacteriology, University of Pennsylvania School of 
Medicine, Philadelphia, and Witu1am THaLHimeR, M.D., Director, 
Human Serum Division, Public Health Research Institute of the City 
of New York, Inc. Pp. 407; many graphs. Springfield, Ill.: Charles C 
Thomas, 1942. Price, $5.00. 

Changes in the Knee Joint at Various Ages. By GRANVILLE A. BENNETT, 
M.D., Associate Professor of Pathology, Harvard Medical School; Hans 
Warne, M.D., Research Fellow in Medicine, Harvard Medical School; 
Graduate Assistant in Medicine, Massachusetts General Hospital; and 
Water Bauer, M.D., Associate Professor in Medicine, Harvard Medi- 
cal School; Physician to the Massachusetts General Hospital; Director, 
Robert W. Lovett Memorial Foundation for the Study of Crippling 
Diseases. Pp. 125; 31 plates. New York: Commonwealth Fund, 1942. 
Price, $2.50. 

Manual of Dermatology. By Donatp M. Pitiussury, M.D., Marion B. 
SULZBERGER, M.D., and CLarEeNcE S. Lrvincoop, M.D. Issued under 
the Auspices of the Committee on Medicine, of the Division of Medical 
Sciences of the National Research Council. Pp. 421; many figures. 
Philadelphia: W. B. Saunders Company, 1942. Price, $2.00. 

La Digital, Estudio Clinico, Technica del tratamiento, resultados. By 
Dr. ALEJANDRO GARRETON Siva, Professor titular de las Facultad de 
Medicina de la Universidad de Chile y Jefe de la I Seccion de Medicine 
del Hospital San Francesco de Borja. Pp. 143. Emprea Edit. Zig-Zag, 
S. A., Santiago de Chile, 1942. Price not given. 

This presentation to readers of Spanish of the important facts about digitalis 


should be valuable in Latin America and especially in Chile, where the am % 
morbidity and mortality of circulatory diseases are high. so 


Advances in Internal Medicine. Edited by J. Murray Stein, M.D., Wel- 
fare Hospital, New York University Division, Welfare Island, N. Y., and 
several associate editors. Pp. 292; several figures and tables. New 
York: Interscience Publishers, Inc., 1942. Price, $4.50. 

Advances in Pediatrics. Edited by ApotpH G. DeSanctis, M.D., New 
York Post-Graduate Medical School and Hospital, Columbia University, 
New York, and several associate editors. Pp. 306; many figures, plates 
and tables. New York: Interscience Publishers, Inc., 1942. Price, 
$4.50. 


NEW EDITIONS 


Recent Advances in Medicine. By G. E. Beaumont, M.A., D.M. (Oxon.), 
F.R.C.P., D.P.H. (Lonp.), Physician to the Middlesex Hospital; Physi- 
cian to the Hospital for Consumption and Diseases of the Chest, Bromp- 
ton Lecturer in Medicine, Middlesex Hospital Medical School; Sometime 
Radcliffe Traveling Fellow, University of Oxford; and E. C. Donps, 
M.V.O., D.Sc., Pu.D., M.D., F.R.C.P., F.LC., F.R.S.E., Courtauld 
Professor of Biochemistry in the University of London; Director of 
Courtauld Institute of Biochemistry, Middlesex Hospital; Pathologist to 
the Royal National Orthopeedic Hospital. Tenth Edition. Pp. 440; 
45 illustrations. Philadelphia: The Blakiston Company, 1942. Price, 
$5.50. 

Problems of Ageing. Edited by E. V. Cowpry, Washington University, 
St. Louis. Second Edition. Pp. 972; 129 illustrations. Baltimore: 
The Williams & Wilkins Company, 1942. Price, $10.00. 


Sulfanilamide and Related Compounds in General Practice. By Wrstey W. 

Sprvx, M.D., F.A.C.P., Associate Professor of Medicine, University of 
Minnesota Medical School. Second Edition. Pp. 274. Chicago: The 
Year Book Publishers, Inc., 1942. Price, $3.00. 
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CHILDHOOD PNEUMONIA 


Durtne the past few years great progress has been recorded in man’s 
knowledge and therapeutic control of the acute infectious diseases of the 
lungs so prevalent in temperate climates. For a discussion of the com- 
plete pattern of pneumonia as it appears to contemporary eyes the 
reader is referred to several critical books and articles.***47.59.> The 
present review restricts itself to a presentation of some of the impor- 
tant recent advances in our understanding of acute pneumonia as this 
disease is observed in the field of pediatrics. 

Identification of the Infective Bacterium. Careful studies of child- 
hood pneumonia have shown that the correlation between organisms 
isolated from the nasopharynx and those later cultured from blood, 
lung punctures, empyema fluid, pus from the middle ear and cerebro- 
spinal fluid is much higher than with bacteria recoverable from the 
throat.*:?18¢,,87.41 Nasopharyngeal mucus therefore is preferred to 
material obtained on pharyngeal swabs when searching for the causa- 
tive bacterium in a child with pneumonia. Several special techniques 
have been developed for the purpose of obtaining good specimens for 
accurate typing. Auger® described an apparatus consisting of a 50 cc. 
glass syringe connected by a short length of stiff, perforated tubing to 
a narrower rubber tube which can be inserted through the nares up to 
the adenoid area. By plugging the perforations with the fingertips 
when applying suction with the syringe piston, and releasing same on 
the instroke, a quantity of sputum adequate for identification is easily 
obtained. Alexander* recommends a sterilized 6 inch swab made of 
fine copper wire with a cotton pledget rolled about one roughened tip. 
This is inserted into the nares, permitted to become moistened with 
secretion and then pushed backwards with a slow twirling motion until 
the posterior pharyngeal wall is encountered. The swab is left in posi- 
tion for about 5 seconds to collect mucus, and then quickly withdrawn. 
It is next placed in 0.2 cc. of pneumococcus blood broth and set imme- 
diately to the laboratory where the adherent mucus is freed before the 
swab is removed and discarded. The broth is used (a) to prepare 
poured plates, (b) to inoculate a blood agar plate and a 3 cc. tube of 
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blood broth, and (c) lastly for direct typing by the Neufeld method. 
When direct typing fails the blood broth will usually yield organisms 
ready for typing after 3 to 5 hours of incubation. The poured plates 
are prepared early in order to save time in detection of Streptococcus 
hemolyticus when present. Alexander states that if the above procedure 
is followed carefully the type of organism can be detected accurately 
in nearly 100% of cases of pneumococcus pneumonia. Staphylococcus 
aureus and Streptococcus hemolyticus become evident in the poured 
plates after 24 hours. If the presence of H. influenza is suspected, 
diagnostic rabbit sera specific for the two types A and B should be used?® 
in a typing procedure identical with that used for pneumococci. 

Atypical Pneumonia. During recent years an unusual type of pneu- 
monia that differs from lobar pneumonia and the more common types 
of bronchopneumonia has been described in epidemic form from various 
parts of the United States and Great Britain. The first reports were 
published by Bowen" from Hawaii in 1935, and by Gallagher*® from a 
boys’ school in Connecticut in the same year. Other outbreaks have 
been described among the students at the University of Oregon, 
Cornell University®® and Harvard University,® at a boys’ school in 
Massachusetts,” at a girls’ school in northern Virginia! and also within 
the population at large.” Though the term “ virus pneumonia” 
has been applied to the entity because of absence of positive bacterio- 
logic findings and refractoriness to sulfonamide therapy, this designa- 
tion has been severely criticized on the ground that no virus factor 
has as yet been demonstrated as the causal agent. 

The designation “Primary Atypical Pneumonia Etiology Unknown” 
has been selected by the Commission on Pneumonia for reporting of 
this disorder within the U. S. Army. From the standpoint of clinical 
recognition certain features are of importance. The onset is gradual 
over a 2 to 5 day period, with malaise, mild headache, low fever, hoarse- 
ness and soreness of the throat, intractable dry cough and muscle 
aching. Physical examination at this stage demonstrates merely the 
signs of an upper respiratory tract infection, with occasional minor 
lung changes such as a few scattered subcrepitant rales or partially 
suppressed breath sounds over the lower lobe. The spleen tip is some- 
times palpable. According to Daniels,” the cough, which is dry, metallic, 
non-productive and often paroxysmal, is so characteristic as to be almost 
pathognomonic. The blood count may show an actual leukopenia, 
though usually the leukocyte count at this stage is not above normal. 
Sputum examinations fail to yield pneumococci in significant numbers. 
The most striking findings are those of Roentgen ray. Chest films reveal 
a more extensive pneumonic process than would be suspected from 
physical signs. The involvement tends to be patchy, though the 
shadows may be uniform, resembling those of lobar pneumonia but of 
lesser density. In general, the lesions extend outward from the hilum 
but may be diffusely scattered through all parts of all lobes. The 
pattern is often variable, fluctuant from day to day, suggesting the 
presence of transitory patches of focal atelectasis. 

The course of the disease is not constant. The majority of patients 
have a low fever for about a week or less with defervescence by lysis. 
In some instances the symptoms are more severe, with racking cough, 
cyanosis, dyspnea, prostration, leukocytosis, profuse perspiration, rela- 
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tively slow pulse, and spreading signs in the lung. Such an attack may 
last a month. Recovery is the rule, though weakness and vasomotor 
instability may persist for weeks. Complications such as pleurisy, 
thrombosis, migratory polyarthritis, meningismus and coma may occur. 
The pathology of the disease is obscure, since but few cases have come 
to autopsy, and in these the diagnosis has been questioned. The 
lesions as described®“ were those of hemorrhagic solidification with 
few leukocytes in the alveolar exudate but abundant within the bron- 
chioles. Treatment consists of supportive and palliative measures, 
including oxygen for cyanosis when present. 

The etiology of this disorder as yet is unknown. Clear-cut transmis- 
sion to animals has not been demonstrated. That bacteria are not 
causative agents is suggested by the failure of the patients to benefit 
from sulfonamide drugs. And yet the disease seems to be infectious 
in nature, as evidenced by the clinical pattern and the character of its 
spread through communities. 

The differential diagnosis involves distinguishing this disorder from 
acute bronchitis, bacterial pneumonia and bronchopneumonia compli- 
cating bronchiectasis; from acute lung infections due to one of the in- 
fluenza viruses,“ psittacosis or a related virus (ornithosis),°° “Q fever” 
caused by rickettsia,” coccidiomycosis™ and toxoplasma;*’ and also 
from the pneumonia caused by the viruses of chickenpox,” lymphocytic 
choriomeningitis®’ and the mongoose-infecting disease.“* An excellent 
table of the differentiating criteria for pneumococcic pneumonia, atypical 
pneumonia and epidemic influenza is presented by Goodrich and 
Bradford in the August 1942 issue of this Journal.* 

It is Reimann’s*™ view that atypical or “ virus” pneumonia represents 
a syndrome composed of numerous etiologic entities produced by a 
variety of infectious agents, and that the designation “primary atypical 
pneumonia etiology unknown” be employed only when the etiologic 
factor has not been isolated or identified. The Reviewer would like 
to point out here that whereas every pediatrician may encounter an 
occasional case of such atypical pneumonia in his practice, especially 
during the winter months, the diagnostic facilities of the usual hospital 
laboratories, even those of top rank, do not possess the extensive animal 
colony or the skilled personnel essential for the tracking down of the 
many suspected, uncommon infective factors. The practitioner must 
wait until more adequate diagnostic services become generally available, 
possibly in state or regional laboratories, before he can study as thor- 
oughly as desired his atypical pneumonia patients. 

Staphylococcic Pneumonia. This type, which somewhat resembles 
pheumococcus pneumonia, can usually be distinguished provided thor- 
ough studies of the cases are carried out. Three important papers,?°*!“° 
recently published, throw into focus the distinctive features of this 
condition. Géspar,*' in an analysis of 7 years’ necropsy material at the 
Rochester General Hospital (New York) found that out of 144 autopsied 
cases of fatal lobar and bronchopneumonia, 38 were caused by staphylo- 
cocci. Such a high proportion of fatalities emphasizes the serious char- 
acter of this variety of pneumonia. Of Gdspar’s cases, 20 occurred 
within the first year of life and 8 others from the second to the tenth 
year. A majority had shown symptoms of an infection in the upper 
part of the respiratory tract, either prior to or coincident with the 
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appearance of the pneumonia. Many patients developed cyanosis, 
particularly the newborn infants. Dyspnea, cough, dullness, fine rales 
and bronchial breathing were additional features. Leukocytosis was 
usually present. The pathologic lesions in the lung parenchyma pre- 
sented morphologic variations of a more or less basic pattern. In the 
newborn the consolidations usually involved several lobes and often 
almost every part of both lungs, being dark red, hemorrhagic, sometimes 
mottled with gray. It seemed that in the neonatal period staphylo- 
coccic infections were so overwhelming that death ensued early. In older 
babies and with children who survived more than 24 hours the con- 
solidations were red, gray-red, or gray with occasional progression of 
the gray spots into pinhead, pea-sized or larger softened abscesses. 
One baby had a diffuse capillary bronchitis, and a few showed small 
consolidations arranged around the small bronchi. Three of Gaspar’s 
cases, all patients over 50 years of age, had a typically lobar-type pneu- 
monia involving completely a single lobe. Parenthetically, a similar 
lobar distribution in a 1-year-old infant has been encountered by the 
Reviewer. Microscopically the distinctive features were: extensive 
hemorrhages and abscesses, large colonies of staphylococci in the bron- 
chial exudate and in the hemorrhagic consolidations with necrosis of 
the surrounding parenchyma, and a paucity of phagocytic cells in the 
bronchial walls in spite of the violent inflammation of the overlying 
mucosa. Generally speaking, the whole picture was that of a spreading 
bronchogenic infection, having marked tendencies to tissue necrosis, 
abscess formation and development of empyema, all combining to pro- 
duce a highly malignant type of pulmonary consolidation. Empyema 
was present in 14 cases, several times bilateral. The empyema was 
caused usually by rupture of a lung abscess into the pleural cavity, 
though there were several instances in which no abscesses were dis- 
covered. Pyopneumothorax and other complications such as peri- 
corditis, parotitis and abscess of the leg were each encountered but once. 
One of the: most common findings was the presence of an acute purulent 
tracheobronchitis, occasionally hemorrhagic. The exudate often caused 
complete plugging of the bronchi, thereby being responsible to a certain 
degree for the cyanosis observed during life. 

Kanof, Kramer and Carnes* described the clinical aspects of pneu- 
monia (staphylococcus) in the pediatric period. Their cases were sub- 
classified as: (a) primary staphylococcus pneumonia (25 instances), 
and (6) secondary staphylococcus pneumonia developing in the course of 
staphylococcus sepsis (12 instances). Blood cultures were positive but 
rarely in the primary cases, whereas every patient in the secondary 
group had a positive culture during life. In the primary cases the 
history was chiefly that of an upper respiratory tract infection with 
subsequent downward extension of the process; in the secondary type, 
pneumonia was an additional and often terminal event. The mortality 
was 73%, the highest being in infants under 1 year of age. Empyema 
was detected in 87 % of the primary cases and in 58 % of the secondary; 
its onset was early and the color of the fluid was often pink or red-brown. 
Spontaneous pneumothorax occurred but twice. The authors state 
that primary staphylococcus pneumonia resembles primary pneumo- 
coccus pneumonia in its predilection for winter and early spring. It is 
usually preceded by an upper respiratory tract infection, has an absent 
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or transient septicemia, exhibits an acute onset, fastigial temperature 
curve, physical findings indicating a lobar type of consolidation and 
leukocytosis, and gives rise but rarely to distant pyogenic localizations. 
Certain significant distinctions differentiate the two kinds of pneumonia 
—in the staphylococcus cases the age of the patient is usually below 
1 year; the onset and course in a child previously healthy are more often 
fulminating although with chronic illness the onset may be insidious 
and unsuspected ; empyema is extremely likely to develop; the character 
of the empyema fluid may indicate destruction of tissue with bleeding 
into the pleural cavity; pyopneumothorax may be superimposed; the 
patients have marked tendency toward diarrhea, abdominal distention 
and renal symptoms; and finally the mortality is overwhelmingly greater 
than with pneumococcus pneumonitis. 

In a presentation of 6 cases, all ending fatally, Clemens and Weens”° 
emphasize the serious nature of staphylococcic pneumonia in infants. 
Empyema occurred early in all, complicated by pneumopyothorax in 4. 
The physical diagnosis of pneumopyothorax in young infants, though 
exceedingly difficult, should be suspected if the patient manifests the 
sudden development of cyanosis, hyperpyrexia, increase of cardiac and 
respiratory rates and vomiting of dark brown gastric material. Fre- 
quent roentgenologic examinations are advised in all suspected cases. 
If roentgenograms are taken with the sick child in the upright position, 
horizontal fluid levels or air may become demonstrable at the periphery 
of the affected chest cavity. Adhesions between parietal and visceral 
pleura form rapidly in staphylococcic empyema, preventing complete 
secondary collapse of the lung by the positive intrathoracic pressure, 
and protecting against shifting of the mediastinum and downward dis- 
placement of the diaphragm. Treatment by thoracentesis should be 
instituted early, along with chemotherapy, antitoxin, blood transfusions 
and maintenance of proper fluid balance. 

Staphylococcic Pneumonia and Epidemic Influenza. No presenta- 
tion of the current views on staphylococcus pneumonia would be 
complete without some discussion of its importance as a complication 
of influenza. That there may be a significant association between the 
two diseases has long been appreciated. On empirical grounds alone, 
the Staphylococcus aureus has been considered for years one of the most 
virulent of the secondary invading bacteria in terminal pneumonia 
complicating epidemic influenza.’""* The direct recovery of influenza 
virus from such fatal cases has been carried out but a few times, by 
Seadding® and by Stokes and Wolman.” Other evidence for the 
presence and activity of influenza virus in staphylococcus pneumonia 
has been supplied by Finland, Strauss and Peterson?’ and by Michael,*! 
who were able to demonstrate either a very high titer or a decided 
increase in protective antibodies against influenza virus in patients 
suffering or recovering from staphylococcus pneumonia. During the 
course of epidemics of influenza in their communities all such cases 
were of adult age. It is extremely likely that children could be similarly 
affected, although, working with Dr. Werner Henle, the Reviewer has 
failed to recover this specific virus from the lungs of a number of fatal 
cases of staphylococcic pneumonia studied in Philadelphia during 
the past few years. Nevertheless, the available evidence suggests 
strongly that many of the cases of so-called primary staphylococcus 
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pneumonia encountered in childhood are best considered as being com- 
plications or developments secondary to invasion of the respiratory 
tract by the viruses responsible for catarrhal upper respiratory tract 
infection, such as the common cold and the epidemic influenza viruses. 

Cellular Inclusions. Goodpasture, Auerbach, Swanson and Cotter® 
discovered nuclear inclusion bodies within the epithelial cells of the © 
trachea and bronchi and their mucous glands and of the alveolar epithe- 
lium in 5 cases of pneumonia complicating measles or whooping cough. 
Rapid necrosis of the affected cells was occurring, resulting in ulcera- 
tion of the epithelial surfaces. The associated bacterial infection of the 
lungs was considered as a secondary invasion. The authors suggest that 
the appearance and distribution of the inclusion bodies is indicative of 
the presence of some unknown virus as the causative agent, even though 
experimental inoculation of infected lung tissue into various laboratory 
animals failed to induce any evidences of infection. 

A similar chain of reasoning has prompted Adams! and Adams, 
Green, Evans and Beach? to attribute 2 outbreaks of acute primary 
pneumonitis among infants in Minnesota to an unknown inclusion- 
producing virus. These authors studied 74 cases from these two epi- 
demics and found that the disease manifested a constant symptom 
pattern characterized by cough, dyspnea, cyanosis and low-grade fever. 
The mortality was 20%. No bacteriologic agents considered etio- 
logically significant were disclosed in either epidemic. Uniform patho- 
logic changes were found in the lungs from fatal cases, namely, cyto- 
plasmic inclusion bodies in epithelial cells, sloughing and proliferation 
of bronchial epithelium, accumulation of mononuclear exudate and 
patchy atelectasis. In 20 control cases of pneumonia in infants 
caused by ordinary bacteria, these pathologic changes did not show 
nor were inclusion bodies seen. Of the sick infants, 85% showed 
the presence of inclusion bodies within epithelial cells stained in throat 
smears, whereas less than 10% of infants and adults in 5 control groups 
showed inclusion bodies. Fairly extensive biologic studies on the 
nature of the etiologic virus were carried out but these failed to isolate 
the agent. Prematurely born and newborn infants were the most 
susceptible. The authors state that no specific therapy has been devel- 
oped as yet for this form of primary pneumonitis. General measures, 
such as the administration of oxygen, postural drainage, aspiration of 
exudate, blood transfusion, and therapy with the sulfonamide drugs 
(to combat secondary bacterial infections), appeared to be efficacious 
in some cases. Whole adult blood may have prophylactic value, espe- 
cially in the premature infant. 

Peripheral Circulation. Greene* attacked the problem of circulatory 
failure sometimes seen in the more serious attacks of lobar pneumonia 
from the standpoint of developing changes in the peripheral circulation 
near the time of crisis. The blood pressure and the reactions of the 
small blood-vessels of the skin were studied in a group of 52 children 
with pneumonia. The blood pressure was found to be raised during 
the acute stage of the disease, definitely lowered at the time of the crisis 
and increased again during convalescence. In none of the patients 
who died was there any significant fall in blood pressure during the 
course of the disease nor toward the end. The reactions of the small 
vessels of the skin showed an impaired efficiency at the height of the 
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disease in the contractility of the capillaries, which returned to normal 
in a short period after the crisis in those patients who recovered. In 
the patients who died, this impairment of the ability of the capillaries 
to contract became greater and continued to the time of death. Greene 
thus corroborated the earlier conclusions of Ritchie®™ and of Perry® on 
adult patients, that therapy in such cases lies in the direction of stimu- 
lating and improving the tone of the minute blood-vessels rather than 
in attempts to increase the efficiency of the heart itself. 

Localized Bullous Emphysema. The precise nature of the cavity- 
like formations occasionally seen in chest films subsequent to pneu- 
monia has become elucidated by a number of recent clinical studies.'*® 
Although the majority of papers deal with findings in adults, there have 
been enough reports on children, notably that of Childe and Benjamin,” 
who observed 19 instances, to indicate that the disorder can be present 
at all ages, with perhaps a greater tendency to expansile behavior in 
the first years of life. 

Clinically the lesion as seen in the roentgenogram consists of a thin, 
rather sharply defined smooth annular shadow, almost like a white 
pencil line, surrounding an air-filled space of decreased density in which 
lung markings are diminished or absent. By means of stereoscozic, 
lateral, and oblique roentgenograms one can demonstrate that these 
clear spaces are spheroid, ovoid or loculated. Occasionally they contain 
a small amount of fluid and show a straight line fluid level in the upright 
position. They vary in size from time to time and may persist for as 
long as 8 or 10 months before fading away. They are not accompanied 
by any abnormal signs or symptoms unless enormous inflation results 
or unless the pleura ruptures with the formation of a large positive 
pressure pneumothorax. The differential diagnosis between bullous 
emphysema and lung abscess, localized pneumothorax, congenital pul- 
monary air cyst and diaphragmatic hernia is not difficult if the course of 
the case can be followed for a short time. According to the consensus 
of published articles, the clear central portion of these pseudocavities 
consists of hyperdistended bullous lobules or groups of lobules with 
ruptured or unruptured septa between them, while the peripheral ring- 
like line of increased density represents a surrounding zone of atelectatic 
alveoli. This explanation no doubt holds in the majority of instances. 
Kessel,“'* however, has suggested that some may be true lung cavities, 
the end-result of aputrid pulmonary necrosis. The Reviewer has 
followed several typical cases through to autopsy and discovered evacu- 
ated abscesses of staphylococcus pneumonia having narrow valvelike 
bronchi coursing through their walls. Benjamin and Childe suggest 
that the most probable explanation for the formation of localized bul- 
lous emphysema in association with pneumonia is the plugging of a 
bronchiole with mucus or exudate, producing an obstruction of ball- 
valve type. Air enters the affected lobule or groups of lobules more 
readily than it can emerge, resulting in emphysematous ilatation. 
Secondary kinking of the bronchiole helps to accentuate the obstruction. 
Rupture of the alveolar walls may occur and air may track subpleurally 
or intrapleurally, forming a voluminous balloon-like emphysematous 
space. If the pressure rises sufficiently the pleura can rupture, giving 
rise to pneumothorax. No treatment is necessary unless complicating 
conditions ensue. Aspiration of air by needle and syringe usually gives 
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but momentary clearing but should be attempted in the presence of 
respiratory or cardiac embarrassment, especially if a complicating 
pneumothorax has appeared. 

Empyema. The clinical picture of postpneumonic empyema in 
childhood has been much changed by sulfonamide therapy, accord- 
ing to Burford and Blades.* The incidence of this complication has 
been reduced from approximately 5% * in the presulfonamide era 
down to 1% or less.’***- Furthermore, Burford and Blades found 
that the course of postpneumonic empyema becomes atypical and 
bizarre in sulfonamide-treated patients. The transition from effusion 
to thick pus is prolonged, the incidence of interlobar empyema seems 
higher and there is a greater tendency for the formation of encapsulated 
pockets which are difficult to detect and to drain adequately. Reéxpan- 
sion of the lung and obliteration of the pocket may be slower, and the 
authors noted an increase in the required number of thoracotomies per 
individual patient. They advise that chemotherapy be stopped once 
the initial pneumonia has been adequatelv controlled, even if pus has 
accumulated. The sulfonamides with their antipyretic properties and 
anorexic effects not only fail to penetrate the purulent accumulations, 
but serve to confuse a clinical picture already difficult enough. Surgical 
drainage remains the treatment of choice for purulent empyema. 

Subacute Pneumonia. Somewhat resembling “atypical pneumonia” 
is a subacute form of pneumonia described by Lincoln, Smith and 
Kirmse.“ The attack, as observed at Bellevue Hospital, New York, 
commences with nasopharyngitis or sinusitis and cough. After some 
days or weeks the cough becomes worse and more productive, a low 
fever develops, and thoracic pain appears, worse on inspiration or cough. 
Physical signs in the chest consist of diminished breath sounds, usually 
at the bases, in association with resonant rifles. The characteristic 
Roentgen picture is an irregular shadow extending from the hilar region, 
usually downward along the cardiac border and across the diaphragm. 
The shadow is not as homogeneous or dense as that of lobar pneumonia, 
and often shows bronchial streaking or uneven mottling. Usually the 
cardiohepatic angle is obliterated and there may be enlargement of 
the hilar nodes. A moderate leukocytosis will persist for 2 to 3 weeks 
after the onset of recovery. Sputum is abundant and purulent, varying 
in amount fro... a few drams to 8 ounces or more. Many organisms are 
present but the types of pneumococci usually associated with lobar 
pneumon’a in childhood are not found. Collapse of a lobe secondary 
to bronchial plugging by tenacious mucus may be clearly evident. 
The illness lasts from a few weeks to several months, and may recur. 
The prognosis for life is good. Since none of the cases succumbed, 
the exact athology of the disorder remains obscure. As a rule the 
child makes 1 complete recovery, though residual bronchiectasis has 
been observed. Therapy consists of jocal treatment of the associated 
upper respiratory tract infection and postural Crainage of the bronchial 
tree, to be followed by bronchoscopy in severe cases or when collapse 
of a lobe occurs. Chemotherapy is not mentioned in the presentation 
but should be intelligently applied. Cases which do not clear com- 
pletely sliculd have a bronchogram before the diagnosis of bronchiectasis 
can be excluded. The picture of this disorder as presented by the 
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authors closely resembles the more familiar one of obstructive pulmon- 
ary lobe atelectasis or “massive collapse’? due to tenacious sputum, 
occurring in the course of tracheobronchitis. 

Chemotherapy. The efficacy of sulfonamide therapy in childhood 
has been established by a great number of reports from clinics in all 
parts of the world. Observers of a few years back contrasted the com- 
plication and mortality rates of the pre- and postsulfonamide years, 
whereas the more recent papers are devoted to controlled comparisons 
of the results obtained with the different sulfonamide derivatives. 
A statistical summary and interpretation of the reported data would 
necessitate an unduly long review. 

One can summarize the current observations and trend of pediatric 
thought in this field by stating that, with sulfapyridine and sulfathiazole, 
recovery from pneumonia is aided and accelerated, and complications 
are not frequent or as a rule troublesome.7 1929.35.48 68 ,64,65,69,70,72 “ Both 
drugs have so altered the course of pneumonia that few of the long, 
hard cases with cyanosis, delirium, abdominal distention and circulatory 
failure are seen.’ 

Sulfapyridine, sulfathiazole and sulfadiazine are in wide use at present 
in the treatment of pneumococcic pneumonia. Reports of sulfadiazine 
in pediatric journals are scarce because of the newness of this compound, 
but the literature of the coming year should contain a number of reports 
on its efficacy. For hemolytic streptococcus pneumonia, sulfanilamide 
may be employed; but in a doubtful case sulfapyridine or sulfathiazole 
should be given, as these latter substances are effective against both 
streptococcus and pneumococcus. For staphylococcus pneumonia, as 
with such infections elsewhere in the body, sulfathiazole is the drug of 
first choice. Unfortunately its therapeutic action against the staphy- 
lococcus is much weaker than against pneumococcus or streptococcus. 

As for the relative merits of sulfapyridine, sulfathiazole and sulfa- 
diazine, it is questionable if in promptness of action there is any sig- 
nificant difference among these three drugs. In childhood as with 
adults, much more nausea, vomiting, cyanosis, dizziness and headache 
and general discomfort are encountered with sulfapyridine than with 
the other two products. Sulfathiazole and sulfadiazine are therefore 
to be preferred. With all three drugs toxic reactions must be watched 
for, such as hematuria, dermatitis, fever, jaundice and urinary tract 
obstruction from precipitated excretory products, even though the inci- 
dence of such untoward effects is not great. The primary treatment of 
any of these complications consists in discontinuance of the drug. 

As a single illustration of the success in therapy achieved by the 
sulfonamide drugs one can cite the experience of Greengard, Raycraft 
and Motel® with infants under 1 year of age. In 1937 and in 1938 
the mortality among infants with pneumonia treated in the Children’s 
Division of Cook County Hospital was 32% and 31% respectively. 
In 1940 in a series of 200 infants treated with sulfapyridine the mortality 
was but 10%. If the cases in which death occurred in 24 hours are 
excluded, the mortality was 7.5%. Of a series of 89 patients, of whom 
46 received sulfapyridine and 43 served as controls, those treated with 
the drug showed a definite reduction in duration of the febrile period 
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and length of stay in the hospital. In 1939 there were 89 patients, 
of whom 46 received sulfapyridine and 43 served as contre’’ Those 
treated with the drug showed a striking decrease in the durav.on of the 
febrile period, in the incidence of extension to other lobes and in the 
length of stay in the hospital. 

Serum Therapy. Although the use of type specific horse or rabbit 
serum is no longer considered the most desirable form of therapy of 
pheumococcic pneumonia in childhood, mention should be made of at 
least a few of the excellently controlled studies on serum treatment 
which were carried out in the years immediately preceding the intro- 
duction of the sulfonamides. Nemir,* Bullowa,"” Kereszturi and 
Hauptmann® all described marked reduction of mortality, particu- 
larly in cases with bacteremia, decrease in the incidence of comp'ica- 
tions such as empyema, and dramatic shortening of the course of the 
disease. Especially with pneumonia caused by pneumococci of Types I 
and XIV, the corresponding therapeutic sera proved strikingly effective. 
The earlier in the course of the infection that treatment was instituted, 
the less likely became the subsequent development of secondary com- 
plications. 

The disadvantages of serum therapy have been well epitomized by 
Hodes and associates.*” Since the type of pneumococcus must be deter- 
mined before serum can be given, difficulties in typing may cause serious 
delay in the start of therapy. When more than one type of pneumo- 
coccus is recovered from a patient’s nose or throat, it is not possible 
at the beginning to be certain which organism is causing the pneumonia. 
Moreover infants and younger children are too young to be coéperative 
and are disturbed and excited by the administration of the serum. 
Again, despite all precautions, serious serum reactions, though infre- 
quent, do occur occasionally. The child who received serum will very 
likely become sensitized to the serum of the animal used. And since 
the mortality rate even for untreated acute primary pneumonia in 
infants and children is low, the use of a specific form of therapy which 
has. certain dangers is subject to criticism, even though the incidence 
of untoward reactions is not frequent. Finally in contrast to the 
relative cheapness of the sulfonamide drugs, the cost of treating a 
patient with serum is much greater. 

The problem of whether to treat children with pneumonia by the 
joint use of sulfapyridine or sulfathiazole and specific antipneumococcus 
serum or solely by drugs has been discussed by Carey,''”.® who noted 
in a study on 613 children with pneumonia that the giving of the two 
types of remedies in combination seems to possess some slight advantage 
over the use of drugs alone. The average duration of pneumonia after 
joint treatment had been started was a little shorter than with chemo- 
therapy alone, and recurrent pneumonia was not observed in any 
patient who had received combined chemotherapy and antipneumo- 
coccus serum. He concluded, nevertheless, that routine administration 
of serum is not indicated except in the presence of pneumococcus 
bacteremia, of widespread involvement of the lungs with pneumonia, of 
severe toxicity from the infection or of allergic sensitivity to the sulfon- 
amides in a patient profoundly sick. 

Irvine J. Wotman, M.D. 
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URINARY INCONTINENCE 


SHAKESPEARE" described an unseaworthy vessel to be “as leaky as 
an unstanced wench.” Those of us treating urinary diseases in women 
know that an “unstanched wench” can be constantly wet, thoroughly 
miserable, and a social outcast. The degree of urinary leakage may 
vary from an occasional accidental wetting when with a full bladder 
the intraibdominal pressure is suddenly raised by sneezing or coughing, 
to the pitiful spectacle of complete and constant incontinence. The 
lesion causing this condition may be above, at, or below the vesical 
sphincter. In this discussion examples will be presented with a survey 
of recent suggestions as.to management. 

Vesicovaginal Fistula. A fistulous opening between the vagina and 
the bladder is usually due to either pressure necrosis as the result of 
a long and difficult labor or to an injury to the bladder in the course 
of a pelvic operation. Such lesions are not nearly so common as for- 
merly, in large measure due to greatly improved obstetrics. Many 
operations for the closure of these fistulas are conducted without ade- 
quate urologic study and certain types of fistulas, which might be closed 
by simple urologic treatment, are frequently subjected to extensive 
surgical procedures. Multiple operations often reduce the size of the 
fistula without effecting closure, and it is generally recognized that the 
frequency of healing decreases after each operation. 

O’Conor" writes of the possibility of closing less extensive defects by 


cystoscopic and vaginal coagulation of the tract and proper prolonged 
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postural drainage of the bladder by means of an indwelling urethral 
catheter. If the fistula is small and has healthy surrounding tissue it 
will heal after electrocoagulation. He believes that this method should 
receive more consideration, especially in patients in whom an unsuccess- 
ful surgical repair has resulted in a small lateral opening. The method 
has no place in the treatment of fistulas of the bladder floor or in 
patients with extensive tissue defects. When the fistula is small and 
the bladder can be distended with fluid, cystoscopy can be done without 
any difficulty. But when the fistula is large and the fluid introduced 
into the bladder runs out of the fistulous opening as fast as it can be 
introduced, cystoscopy is impossible. To overcome this, Duncan* 
infiltrates the vaginal introitus with procaine solution and passes a 
subcuticular suture of heavy silk or linen around the entire vaginal 
outlet and ties it very tightly to make the vagina watertight. Before 
cystoscopy is begun the bladder is irrigated with boric acid solution, a 
bivalve speculum is introduced and the vagina is dried out, taking care 
not to cause bleeding from the sensitive bladder mucosa that protrudes 
through the fistula. The introitus is then closed with the subcuticular 
suture. A bladder that has been decompressed over a long period of 
time will be hard to distend, but as the bladder and vagina are dis- 
tended together, the fistulous opening can be viewed and its relation 
to the ureteral orifices noted so that they may be avoided in any opera- 
tive procedure that is to be undertaken. When the fistula is small 
but the patient voids a fair proportion of urine by urethra, a ureteral 
catheter can be passed through the fistulous opening from the bladder 
into the vagina and quickly drawn through. The catheter should be 
slightly rough from age or repeated sterilization. Passage of such a 
catheter causes a fresh abrasion of the tract which then may heal quite 
readily. For the treatment of a large fistula at the vaginal vault in 
old women, following either hysterectomy or irradiation, he suggests 
the employment of total colpectomy after closure of the fistula. This 
procedure can only be done where the cervical canal is completely closed 
from irradiation or after panhysterectomy. After operation for the 
ordinary fistula well above the bladder neck he keeps an indwelling 
Pezzer catheter in the bladder for from 7 to 10 days. When the fistula 
is low down near the bladder neck, a plain catheter is sutured in place. 
When the patient has had repeated unsuccessful operations, a supra- 
pubic cystotomy with a large Pezzer catheter is a satisfactory method 
of drainage. 

Halban' of Vienna has had increasing satisfaction with his results in 
the operative cure of this condition which he attributes to a simplifica- 
tion of his technique and adherence to three basic principles, vz., 
extensive exposure of the fistulous area, mobilization of the base of the 
bladder, and correct suture. The exposure of the field is accomplished 
by the correct application of posterior and lateral retractors. If the 
vagina is narrow, or the perineum is high and rigid, or if the fistula lies 
deep in the vaginal funnel, an episiotomy or a Schuchardt incision is 
made as a preliminary procedure, thus gaining a tremendous increase 
in the exposure. The base of the bladder can be adequately exposed 
only if it is movable and in many cases with extensive scarring in the 
parametrial and paravaginal tissues, it will require tedious dissection 
to mobilize the bladder. The fascia should be allowed to remain on 
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the bladder and separated with it from the vagina. In placing the 
bladder sutures he ignores the fistula itself but sews the anterior and 
posterior portions of the mobilized bladder floor over the fistula. These 
two portions with their attached vesicovaginal fascia are united by 
fine catgut sutures in areas uninjured by scars or dissection, usually 
about 1 cm. from the margin of the fistula. This may be buried with a 
second row although he states it is unnecessary and the vaginal mucosa 
may be sutured over this, although here again he states that it is im- 
material. Occasionally it may be easier to place the sutures sagittally 
rather than transversely, but the tension is usually less in the latter 
plane. Its essential point is to sew healthy bladder wall to healthy 
bladder wall, taking about one-half the thickness in the suture and 
not too close to the fistula. 

As evidence that good results in the cure of this condition may 
require more than a single operation, the report of Pemberton, Smith 
and Graves” is of interest. In their series of 100 cases cures were ob- 
tained in 84 % although it was necessary to perform 38 repeat operations. 
The use of silver wire as advocated by Sims many years ago is con- 
sidered one of the most important factors in achieving a cure in their 
clinic. The wire is used as interrupted sutures and includes a good 
bite of all tissues down to the bladder mucosa. It gives good support, 
does not cut through and causes little irritation. It is left in for at 
least 3 weeks and usually for from 4 to 6 weeks. After operation the 
bladder must be free from tension and an indwelling catheter is left in 
place for from 9 to 14 days, keeping close watch that it does not become 
obstructed. The sutures are usually removed under anesthesia. In 
general, the authors believe that it is not wise to attempt to close a 
fistula as soon as it occurs because some will close spontaneously. 
Fistulas due to irradiation should not be operated upon until the tissues 
have had time to recover from the treatment, which is at least a year. 
The authors warn that one should not be discouraged if the first opera- 
tion is unsuccessful as some cases required as many as 6 operations 
before a cure is obtained. 

From his experiences at the Mayo Clinic, Counseller’ states that a 
fistula which involves the posterior margin of the internal vesical 
sphincter is one of the most difficult of all to close. The sphincter is 
torn and partially incompetent as a result of formation and contraction 
of scar tissue within the circular muscular fibers. It is difficult to avoid 
superimposing the vaginal and vesical suture lines at this point without 
producing distortion of the sphincter and urethra and it is well known 
that apposition of these suture lines predisposes to recurrence. Further- 
more when a catheter is inserted through the urethra into the bladder 
it is almost certain to lie in contact with the region of repair. The 
catheter produces irritation and incites infection with possible break- 
down of the suture line. For this reason Counseller encourages such 
patients to arise and void voluntarily if possible, since the passage of 
urine over the small repair in the sphincter is more beneficial than 
detrimental since all sediment and exudate are thus lavaged periodically 
from the suture line. When a patient cannot void as suggested, the 
bladder should be emptied for a few days by a glass catheter. A fistula 
involving the ureteral orifice creates an interesting surgical problem 
since the kidney and ureter are complicating factors. Frequently there 
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is partial obstruction to the flow of urine and as a result hydronephrosis 
of some degree, with partial destruction of the kidney and small cortical 
abscesses may be present. Counseller does not believe that reimplanta- 
tion of such a ureter into the bladder is justified, particularly if the 
kidney on the opposite side is normal. Nephrectomy with secondary 
closure of the fistula is his procedure of choice. However, if the oppo- 
site kidney is not normal, a skin ureterostomy should be considered to 
see if the kidney will recover sufficiently to permit implantation of the 
ureter into the bladder or rectum at a later date. Whenever the kidney 
and ureter are normal, the ureter should be reimplanted into the bladder 
well away from the fistulous tract and at the same time the vaginal 
fistula should be closed. Any attempt to repair such a fistula without 
diversion of urine from the involved ureter will result in a high incidence 
of failures. Fistula adjacent to but not involving the ureteral orifice 
should be repaired by the vaginal approach after inserting a No. 6 or 
No. 8 ureteral catheter into the ureter. The catheter should remain 
in place for from 5 to 10 days after the repair. Fistula in the posterior 
wall of the bladder is the most common type of fistula subsequent to 
abdominal hysterectomy. Counseller explains that it is not caused by 
an unrecognized incision into the bladder, but from a suture which 
catches the mucosa of the bladder, gradually cuts through and produces 
a fistula 8 to 10 days later. Repair of a fistula caused by treatment 
with radium is less likely to be successful than fistulas caused by trauma 
because the tissue at a considerable distance from the edge of the fistula 
usually is too devitalized for use in the repair. Any attempt at repair 
should be delayed a sufficient length of time to preclude the possibility 
of local recurrence of the malignant process. In most instances the 
fistula will become smaller from contraction and should it reach the 
size of a pin point, it may be closed Ly fulguration. 

It is readily understood that urinary fistulas are more commonly 
seen among primitive people than in this country where good medical 
facilities are generally available. Whereas in this country cases might 
be reported by the dozen, in some of the overpopulated countries of 
the Near and Far East, surgeons report such cases by the hundreds. 
Probably no one has had a greater personal experience with this prob- 
lem than Mahfouz’ of Cairo, who reports on nearly 500 cases. In the 
ordinary types he uses spinal anesthesia, makes a circular incision 
around the fistula and widely mobilizes the bladder. He then inverts 
the bladder opening with catgut sutures which do not penetrate the 
mucosa and the vagina is closed over this with silkworm gut sutures. 
A retention catheter is left in for 7 days. He describes his method of 
handling various complicated and difficult cases, the essential points 
being good exposure and lack of tension on the suture line. He had 
tried the suprapubic approach in some cases but uses it no longer as he 
considers the vaginal route safer. He found that if he failed to close a 
fistula by the vaginal route he also failed by the suprapubic route. He 
frankly admits that some fistulas are not curable and in such cases 
colpocleisis or ureteral transplantation may be used, but he does not 
advise either one on account of the danger of ascending infection of the 
urinary tract. He advised such patients to wear a rubber urinal. 
He advises that before any operation is performed in these cases, the 
vagina, bladder and kidneys must be put in healthy condition. 


‘ 
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In his’ practice among the Zulus, Taylor’® has found many vesico- 
vaginal fistulas which show enormous loss of tissue and tremendous 
scar formation. Many of these can be cured by extensive flap dissec- 
tions although often incontinence may remain due to loss of the sphinc- 
ter muscle. In cases in which a plastic operation cannot be done due to 
the extensive destruction and in which transplantation of the ureters 
would not be justifiable, he has devised an interesting operation to be 
used if the cicatricial condition of the vagina precludes further sex life. 
The vaginocutaneous junction is incised completely around the outlet 
and flaps of vagina and skin are dissected up. The vaginal flaps are 
sewn from side to side so as to invert them and close the vagina and the 
skin flaps are united over them with an everting stitch. Before the 
sutures are tied a stab wound is made through the anus just anterior 
to the anal margin and a long forceps is pushed through the sphincter 
and cut down on from the posterior vaginal wall about 1 inch above 
the vaginal cutaneous junction. A medium-sized catheter is pulled 
through the tract thus made, anchored by a stitch and cut off leaving 
> inch projecting into the vagina and also on the skin surface. The 
catheter remains for 6 weeks in order to allow epithelialization of the 
tract. The vagina then acts as a urinary receptacle which spills over 
into the rectum which is controlled by the anal sphincter. 

From his experiences in India, Hayes® stresses that any associated 
rectovaginal fistula should be cured before an attack is made upon a 
vesicovaginal fistula. After this the infection in the bladder and 
vulva should be overcome by boric acid irrigations and sitz baths. At 
the operation a single or double Schuchardt incision may be necessary 
to obtain adequate exposure. The bladder must be thoroughly mobil- 
ized so that there will be no tension on the sutures. Contrary to many 
other opinions, he warns against excising the edges of the fistula. He 
uses these edges as anchorages for the closing suture, applying two 
layers of No. 00 20-day catgut. After operation he drains the bladder 
by a self-retaining catheter for at least 10 days and irrigates the bladder 
twice daily. Of 33 cases operated upon this method he obtained 
28 cures. 

Suprabubic Approach. Thus far in this discussion we have con- 
sidered only the vaginal approach for the repair of vesicovaginal fistulas. 
There can be no doubt that this method is the most commonly em- 
ployed as well as the oldest type of approach. However there are some 
authorities who feel that in certain types of fistulas a safer and better 
operation can be done if the site of the fistula is approached from above 
the pubis. Such an operation may be transvesical and extraperitoneal 
or it may be transperitoneal. A firm advocate of the transvesical opera- 
tion is Quinby® who states that the object of an operation for vesico- 
vaginal fistula is to get a tight bladder. The bladder must hold urine, 
the vagina cannot. Closure of the bladder should be as perfect as 
possible, whereas closure of the vagina is a secondary consideration 
and need not be perfect because it will heal by granulation. He believes 
that the easiest and most complete access to the bladder is by the 
suprapubic route and it should be employed in all but the simplest 
cases. Sufficient mobilization of the floor of the bladder from the 
vagina is imperative. If necessary this can be facilitated by splitting 
the whole detrusor portion of the bladder in a sagittal direction. Open- 
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ing of the peritoneal cavity during the operation is not dangerous if the 
subsequent repair of the bladder is perfect. Quinby advises that serious 
and extensive loss of bladder tissue with dislocation of the ureters and 
much scarring is in most instances treated by bilateral ureterosigmoid- 
ostomy. Farsht,‘ in reporting his series of 20 cases of suprapubic 
transvesical repair, observes that fistulas of surgical origin are on the 
increase while those of obstetrical origin are on the decrease. The 
fistulas of surgical origin are, as a rule, fixed high up in the vagina 
and are in close proximity to the ureters. The inaccessibility of these 
fistulas from the vagina approach makes their exposure, proper dissec- 
tion and repair very difficult. It is Farsht’s belief that the transvesical 
approach gives good exposure, allows careful dissection of the fistulous 
tract, prevents unsuspected injury to the ureters and permits suprapubic 
drainage of the bladder which, in his opinion, is superior to any other 
type of vesical drainage. At the Mayo Clinic according to Hubly and 
Masson’ the vaginal route is and will remain by far the most common 
and desirable of approaches but the suprapubic operation is used in 
11% of the cases. They prefer the transperitoneal operation when 
operating from above but they admit that their indications for this 
operation are not standardized. Usually vaginal plastic procedures have 
been tried and have failed before the abdominal approach is attempted. 
Vaginal repair may be very difficult following a total abdominal hyster- 
ectomy if the vault of the vagina is scarred, narrowed and retracted 
and the fistula is situated in the vault. Vesico-uterovaginal fistulas in 
the absence of prolapse are most difficult to repair through the vagina, 
but are readily accessible from above, while in cases of large fistulas 
situated in the base and trigone of the bladder and adjacent to the 
ureters the danger of injury to the ureters is less with the abdominal 
approach. Furthermore with this approach if the ureter is injured, it 
may be reimplanted into the bladder or transplanted into the sigmoid 
at the time of repair. In this operation a low midline incision is made, 
the patient placed in the Trendelenburg position and the intestine and 
omentum are pack out of the way. The uterus is drawn upward, ex- 
posing the vesico-uterine reflection of peritoneum which is cut trans- 
versely sufficiently far on each side to afford easy separation of the 
bladder from the anterior wall of the cervix and vagina. The dissection 
is carried out until the fistula is reached and extended below this point 
in order to freely mobilize the bladder wall and vagina around the 
fistula. The fistula is cut across and the edges of the mucosa are 
inverted into the bladder with interrupted sutures of No. 00 chromic 
catgut, taking care not to penetrate the bladder wall with the sutures. 
The opening in the vagina is closed in a similar manner and if possible 
in the opposite direction and care is taken to prevent contact of these 
two wounds. Sometimes it is advisable to insert a small free graft of 
omentum but in most cases a strip of peritoneum can be interposed. 
If the opening in the vagina is in close contact with the cervix, freer 
mobilization is obtained by doing a total hysterectomy at the same 
time. If this is done the sigmoid or an epiploic appendage from it can 
be interposed between the bladder and the vaginal closure. Treatment 
of infection of the lower urinary tract may be started early in convales- 
cence. Mandelic acid or sulfanilamide therapy is very satisfactory. 
When the fistula has been of long duration the capacity of the bladder 
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is reduced. This may be corrected by gradual dilatation of the bladder 
but not before 3 months after operation. Likewise sex life should not 
be resumed before 3 months have elapsed. 

Transplatation of the ureters to the sigmoid flexure is a sound surgical 
procedure for the treatment of huge vesicovaginal fistulas according to 
Counseller. The operative risk is decreased when one ureter is trans- 
planted at a time. Before doing this operation several factors must be 
considered, namely, the general physical condition of the patient, 
whether there is any obstruction or infection of the upper urinary tract, 
the function of both kidneys, the presence or absence of pelvic cellulitis 
which involves the lower end of the ureters, previous surgical procedures 
in the pelvis which may have resulted in fixation of the pelvic portion 
of the colon and the preparation of the patient for a colonic operation. 

If the ureter is partially obstructed, ureterectasis, pyelectasis, thick- 
ening of the ureter and infection rapidly supervene and experience has 
shown that one assumes a great risk in transplanting a ureter of this 
type. In such instances, if the ureters are known to be thickened and 
partially obstructed, he believes that it is wise to perform bilateral 
nephrostomy first and several weeks later, when infection has subsided, 
the ureters can be transplanted with considerably less risk. The intro- 
duction of intravenous urography has been beneficial in the study of 
the excretory function of the kidneys before and after transplantation 
of the ureters. 

Relaxed Vesical Sphincter. Thus far we have been discussing leak- 
age of urine due to an abnormal opening in the bladder. In contrast 
to this type of incontinence, there is a type of leakage which is not 
constant but occurs intermittently, usually when the bladder is par- 
tially distended. This is due to a weakness of the vesical sphincter. 
These patients complain that leakage is most common when intra- 
abdominal pressure is suddenly raised, as in coughing or laughing. 
Hence the term “stress incontinence” is frequently applied to this con- 
dition. The lesion is usually due to a childbirth injury in which the 
supporting structures of the vesical neck have been torn, the resulting 
lack of support causing interference with the normal sphincteric mechan- 
ism. Murless'® has treated 20 such patients by means of local injections 
of 5% solution of sodium morrhuate with cure in 60% and marked 
improvement in 25% of the cases. Patients with only a slight degree 
of prolapse have the best chance of cure. Although only small quan- 
ties of the morrhuate solution were injected, never more than 0.5 ce. 
on either side of the urethra, a slough separates in the vast majority 
of cases, but this seems to favor a good end-result by causing scarring. 
The expected dangers of sloughing urethra, collapse during injections 
and urethral stricture have not occurred. This method would appear 
to have value in those cases with slight prolapse, those following a 
repair of prolapse but without recurrence of the prolapse itself, and in 
old patients in whom operation should be avoided. 

In intraetable cases of urinary incontinence due to loss of sphincter 
control in which no urinary fistula is present, Stanca advocates the 
Goebell-Stoeckel technique of repair. An incision 12 cm. long is made 
in the midline extending to the symphysis. The aponeurosis is freed 
on each side and a flap 4 em. broad and 10 em. long is cut, including 
the insertion of the pyramidalis muscle but left attached at the sym- 
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physis. This flap is then split down the center, making two strips, the 
upper surface of each being fascial, the undersurface being muscle. 
Through the opening from which the flap was elevated, channels are 
made by blunt dissection behind the symphysis and under the urethra. 
The two fascial strips are crossed and then directed down these channels. 
From the vaginal approach the anterior vaginal wall is incised, the 
urethra freed and the fascial strips brought down from above and 
sutured under the urethra. Both vaginal and abdominal wounds are 
closed and a retention catheter is placed in the bladder for 6 days. 
As a result of this transplantation, the pyramidalis muscles reinforce 
the fibers at the internal sphincter and also elevate the neck of the 
bladder, both of which actions tend to prevent urinary incontinence. 

Kennedy® has made an interesting study of the condition by means 
of pre- and postoperative urograms. He found that the normal urethra 
in its voiding state is pushed down with the vaginal wall into the 
vagina, its external meatus is pushed endwise out of the pelvis by vary- 
ing distances up to 1 cm. and the sphincter muscle surrounding the 
inner third of the urethra dilates. A varying degree of the “ voiding”’ 
state (which becomes permanent following relaxation or injury) is 
present when there is persistent incontinence; the greater the degree 
the greater the incontinence. When there is no permanent dilatation 
of the inner third of the sphincter, the urethra may undergo excessive 
degrees of motion without any incontinence. However, persistent dis- 
placement may in time permanently overstretch the inner third of the 
sphincter, when incontinence will develop. The sphincter mechanism 
functions with its greatest efficiency when its greatest length is restored, 
particularly as far as possible within the pelvis and as high as possible 
above the vagina. To accomplish this restoration it is necessary to 
separate completely the urethra from all attachments to the vagina 
wall and the rami, after which the sphincter mechanism can be restored 
by plicating and replicating the undersurface of the bladder and urethra. 
Any factor such as infection or hematoma beneath the restored urethra 
may dissolve the plicating sutures and allow the urethra to resume 
some degree of the “ voiding” state, thereby producing failure, necessi- 
tating another operation. Therefore there should be free drainage of 
the paravesical spaces after operation. Kennedy urges that a very 
sharp distinction be made between urinary incontinence and urinary 
urgency or frequency to avoid operations upon patients with the latter 
complaints but no incontinence. He also advises that the physician 
should be frankly honest with incontinent patients, explaining clea:ly 
that the first operation may be unsuccessful and a second one required. 

Ectopic Vaginal Ureter. At first thought, it might seem impossible 
for a patient to be incontinent when there is no abnormal opening in 
the bladder and the sphincter mechanism is intact. Given such data, 
the conclusion must be reached that urine must be coming from some 
point above the bladder and emptying at some point below the sphincter 
and that is exactly what occurs in some cases of ectopic vaginal ureter. 
In adding another case of this type to the few which have been reported, 
Deming? has reviewed the literature and gives a crisp analysis of this 
unusual condition. It must be recalled that the ureter develops from 
the Wolffian duct, that the vestibule also develops from the same source, 
but that the vagina is of Muellerian origin. This may explain why so 
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many ectopic ureters empty in the vestibule since both have the same 
origin. The most logical theory for the supernumerary vaginal open- 
ing is based on the fact that instead of a single invagination from the 
Wolffian duct, there are two or more anlagen, each forming a ureter 
with separate implantation into the kidney. As the Wolffian duct 
shifts downward with the urogenital sinus, it carries the upper ureter 
with it and causes a lower implantation of the upper ureter. If the 
two ureteral buds develop at the same time, their bladder openings 
may be near together, but if the upper ureter develops later, it may be 
carried below the bladder by the Muellerian duct to empty into the 
genital tract, as in the vagina. The vaginal opening of these ectopic 
ureters is practically always on the anterior wall in the midline, although 
nearer the cervix the opening may be more lateral. The symptoms of 
an ectopic vaginal ureter are quite definite. All of the cases have 
vaginal dripping of urine day and night, but in addition there are 
normal urinations from the urethra since the other ureter or ureters 
open into the bladder. If the ectopic ureter becomes infected there 
will be purulent urine coming from the vagina. In 4 cases reported 
the symptoms from infection, such as pain and elevation of tempera- 
ture, overshadowed the urinary picture to such an extent that the 
patients were operated upon for appendicitis or renal suppuration. 
The kidney attached to an ectopic ureter is of little functional value 
and is prone to infection. Therefore no attempt should be made to 
conserve these kidneys and ureters. Heminephrectomy may be done 
if vessels are distinct to each kidney. If infection has not occurred, 
total ureterectomy offers an easy method of treatment; but once the 
kidney or ureter becomes infected, complete nephro-ureterectomy is 
indicated. 


Frank B. Biocx, M.D. 
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Trichomonas Vaginalis in Tissue Cultures and Their Effect on Tissue 
Culture Celis. M. J. Hocue (Department of Anatomy, Univ. of 
Penna.). Dr. Trussell’s bacteria-free strain of Trichomonas vaginalis 
was introduced into human fetal and chick embryonic tissue cultures. 
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Its behavior in the tissue culture cells was recorded by moving film. 
The trichomonas swarmed about the explanted tissue and swam freely 
over the fibroblasts, epithelial cells and sympathetic nerves. They 
attached themselves by their axostyles to nerves and cells and whirled 
about. They entered the lumen of pieces of chick embryo intestine. 
No mechanical injury to the cells was observed. They formed rosettes 
which rolled over the tissue cultures. They pushed and pulled about 
masses of plasma granules. They often sent out a proboscis-like 
structure while feeding over the tissue cultures. 

T. vaginalis is very injurious to tissue culture cells. When a rich 
culture was added to a tissue culture, the cells soon drew in their 
processes, the nuclear membrane and nucleolus became distinct and 
the cytoplasm granular. The cells were dead in 4 to 5 hours, though 
the trichomonas lived for several days. Controls were made for all 
experiments and the tissue cultures grew well in the same medium in 
which the trichomonas lived. 

Filtrates of old cultures of trichomonas were added to tissue cultures 
and caused the same effect as the living trichomonas. 

Cultures of trichomonas heated at 56° F. for 15 and 30 minutes and 
at 60° F. for 20 minutes caused the death of tissue culture cells. It was 
a slower process with occasional recovery of the tissue cultures. 

Metts tubes and Gillman and Cowgill’s test were used to determine 
the presence of a proteolytic enzyme. Both gave negative results. 


Cytochrome c Content, Nucleic Acid Phosphorus, and Oxidation Rate 
of Epithelial Tissues and Neoplasms. Orro RosENTHAL and Davip 
L. DraBkIn (Harrison Department of Surgical Research and Depart- 
ment of Physiological Chemistry, Univ. of Penna.). A micro-spectro- 
phometric technique has been developed for the determination of 
ferrocytochrome c. This has permitted the determination of this pig- 
ment isolated from smaller amounts of tissue than hitherto possible 
when utilizing direct methods of analysis. Upon the same tissues 
nucleic acid phosphorus (protein-bound phosphorus) has been deter- 
mined and used as an index of cellularity. The oxidation rates of both 
succinate and p-phenylenediamine by the same tissues were determined 
by means of the usual manometric technique. The epithelial tissues 
studied included kidney cortex, liver, brain, submaxillary gland, gastric 
and colon mucosa, and lung. Data were gathered upon three species— 
rat, rabbit and man. 

The data have permitted correlation of interest to be drawn, and 
have led to a new view of the problem of carcinogenesis. 

1. The cytochrome c content and the oxidation rate of certain epithe- 
lial tissues—gastric mucosa and lung—are low. Kidney cortex, which 
has a high cytochrome ec content and high oxidation rate, was used as 
the standard of comparison. 

2. The cytochrome ec content of tissues in the different species is an 
inverse function of body size. All tissues of man show a relatively 
low content of cytochrome c in comparison with the corresponding tis- 
sues of smaller animals. This appears to be a new finding. 

3. The cytochrome c content and oxidation rate of neoplastic tissues 
(gastric and colon mucosa) are of the same order of magnitude as that 
of the parent epithelial tissues from which the tumors arise. 
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These findings correlate well with the frequent incidence of neo- 
plasms in man and in mucous epithelium. They suggest that epithelial 
tissues whose aérobic metabolism is low are those in which neoplasms 
most frequently arise. It is probable that in such tissues the transition 
from an aérobic to a relatively anaérobic metabolism—characteristic of 
malignant tissue—occurs more readily than in epithelial tissues high 
in cytochrome c and with high aérobic metabolism. 


The Effect of Therapeutic Blood Levels of Sulfonamides Upon Wound 
Healing. H. A. Zintet, D. B. Fresuwater, J. D. Harpy, W. M. 
Harris, Jr., C. S. NEER, 2p, and S. W. Rosrnson (Harrison Depart- 
ment of Surgical Research, Univ. of Penna.). The extensive use of 
sulfonamides in the prevention and treatment of surgical infections has 
led to the question of the possible effect of these drugs upon the unin- 
fected wound. Because of differences of opinion in previously reported 
work, we undertook to test the tensile strength and to study sections 
of histologic wounds of the skin, fascia and stomach wall of dogs which 
were given sulfanilamide and sulfadiazine by stomach tube. High 
blood levels of these drugs were maintained throughout the experi- 
ment. The wounds were tested at intervals between the third and 
thirteenth postoperative days. The tensile strength of the skin and 
fascia was tested by means of a tensiometer, while that of the stomach 
was tested by the air inflation method. 

No appreciable differences were noted between the tensile strengths 
of skin, fascia and stomach wall of the sulfadiazine-treated, the sulfanil- 
amide-treated and the control animals. The histologic sections of the 
experimental animals were identical to those of the control group. 
There were no evidences of inflammatory reaction, edema nor hemato- 
mata. We may conclude, therefore, that within the limitations covered 
by these experiments sulfanilamide and sulfadiazine may be adminis- 
tered orally in therapeutic doses without danger of prolonging the time 
of wound healing, or decreasing the tensile strength of the wounds, or 
in any way jeopardizing the cosmetic result. 


Studies on the Nature of the Viruses of Influenzas Aand B. Les ir 
A. CeAMBERS, WERNER HENLE and EuizaBeTH DupLey (Johnson 
Research Foundation, Univ. of Penna., and the Children’s Hospital of 
Philadelphia). The virus of influenza A can be removed from the 
allantoic fluid of infected chick embryos by differential ultracentrifu- 
gation, and recovered in association with a protein fraction which is 
essentially homogeneous with respect to particle size as indicated by 
electron microscopy and by determination of the sedimentation velocity. 

Approximately 1 gm. each of the virus proteins of influenzas A and B 
was collected, dried and used as material for determination of physical 
properties and chemical composition. It was found that the two pro- 
teins do not differ significantly in ultraviolet absorption, specific vol- 
ume, mass, shape, or in content of arginine, tryptophane, tyrosine, total 
nitrogen, protein nitrogen, purine nitrogen, phosphorus and ash. Both 
contain d-ribose but no desoxyribose was detected. On the other hand, 
the two viruses were found to differ significantly in content and distribu- 
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tion of sulfur especially with respect to cystine. The contents of 
cystine (including cysteine) in viruses A and B were 4.3% and 3.4% 
respectively. Methionine was present in essentially equal quantities 
(1.7%) in the 2 cases, while inorganic sulfur was present in negligible 
amounts. In a broad sense the properties suggest those of the plant 
viruses whose properties have been determined. 

When subjected to low temperatures the virus particles aggregate in 
a regular manner resulting in the formation of crystalline aggregates. 
Solution of the crystals is readily accomplished by moderate heating 
or by dilution. The sequence of formation of crystals from the virus 
proteins has been followed by electron microscopy. 
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Editorial Note to Medical Authors: We wish to call the special attention of 
author-contributors and readers of this Journal to two of the most frequent errors 
that appear in our manuscripts. 

The first—-the misuse of ‘milligrams per cent’’—is well covered on Page 53 of 
the American Medical Association’s book entitled ‘‘ Medical Writing’: ‘‘ Results 
of chemical determinations are frequently expressed as ‘milligrams per cent’ or 
‘grams per cent.’ This means literally ‘milligrams (or grams) per hundred milli- 
grams (or grams),’ which in most instances is not the information that the author 
wishes to convey. To insure accuracy a writer should specify the unit used, such as 
‘milligrams per hundred cubic centimeters’ or ‘milligrams per 100 gm.’ If a num- 
ber of values are (sic) given close together in a section or in a short paper, it usually 
is sufficient to supply ‘per hundred cubic centimeters’ the first time the phrase 
appears and to use merely ‘milligrams’ (not ‘milligrams per cent’) thereafter.” We 
have become so weary of correcting this fault—and yet probably have overlooked it 
in many cases—that we are taking this means of trying to reduce it for the future. 
We hope that other journals, and especially the Journal of the American Medical 
Association with its large circulation, will also emphasize the point. 

We should like to regard the word “consider” as indicating that the item is still 
under consideration or being meditated upon, ¢.e., that no conclusion has been reached. 
This is usually the first meaning given by dictionaries for this word. We believe 
that, some dictionaries to the contrary notwithstanding, it is improper to use the 
word where a decision has been reached; in which case some such word as “think to 
be,”’ or ‘regard as” or ‘‘ believe to be’’ or ‘hold as an opinion’”’ gives the more exact 
meaning. 
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into the baby’s mouth, a prac- 
tice which may provoke a 
coughing spasm. 


“OLEUM PERCOMORPHUM 


More Economical Now Than Ever 


MEAD JOHNSON & CO. © EVANSVILLE, INDIANA, U.S. A. 


‘ease enclose professional card when requesting samples 
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